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1.0 SUMMARY 
Program L225  (TEV126)  calculates  the  time  responses of a linear  system by convoluting 
the  impulsive  response  function  with  the  time-dependent  excitation.  Fast  Fourier 
transform  (FFT)  techniques are used  to  perform the convolution in  the  frequency 
domain  and  transform  the  results  into  the  time  domain. 
The program accepts the frequency response functions of a linear system, multiplies 
them by the  Fourier  transform of the desired time-dependent excitation function, and 
performs the  inverse  Fourier  transform of the product to determine the response time 
histories. The Cooley-Tukey algorithm  is used to evaluate  the  Fourier  transforms.  The 
analysis  procedures  are  subject  to  the following theoretical  limitations: 
0 System  being  considered  is  linear. 
0 System  is table 
0 System is initially in steady state equilibrium. 
0 Time response of the system is real. 
0 Time response is negligible beyond the maximum time of interest. 
0 Forcing function begins at   t ime zero, is  real  and i s  negligible beyond the  maximum 
time of interest. 
Data are input to the program on both cards and magnetic files (tapes or disks). The 
user  has  the  capability of using one of seven  standard  excitation  functions  contained  in 
the  program or of defining an  arbitrary  excitation function on cards  or  magnetic  file. 
Output from  L225 consists of: 
0 Printed  time  histories 
0 Maximum and minimum values of the time responses 
0 Plotting vectors of the time histories 
0 Plotting vectors of convoluted responses in the frequency domain 
The  significant  program  limitations that restrict  the size of the problem  being  analyzed 
are: 
0 The  maximum  number of response  functions,  either  generalized  coordinate 
responses  or  load  responses,  is 100. 
0 The maximum number of frequencies at which the input response functions are 
defined is 250. 
0 All interpolation of frequency response functions is linear. 
2.0 INTRODUCTION 
The computer program L225 (TEV126) was developed for use as either a standalone 
program or as a module of a program system called DYLOFLEX developed for NASA 
under  contract NAS1-13918 (ref. 1). Because of the DYLOFLEX contract  requirements 
defined in  reference  2, a program  was  needed  to  calculate  the  time  histories of different 
airplane  responses  to  discrete  excitations  using  frequency  res  onse  data  calculated  in a 
power spectral  density  (PSD)  solution.  An  existing program”’ was revised  according  to 
established  specifications3  to  make it  compatible  with  other  modules of the DYLOFLEX 
system. 
The  purpose of this volume is  to  aid  the  person  wishing  to  use  the  program  to  calculate 
response time histories. To meet this objective, the following items are discussed in 
detail: 
0 Theoretical  formulation of the problem 
0 Design and structure of the program 
0 Guidelines to the actual use of the program 
A sample problem is also presented in this volume to aid the  user  in  execution of the 
program. 
‘Smith, B. E.; and Johnson, M .  R.: Discre t e  G u s t  Convolut ion Program (TEV126) .  Boeing 
document D6-29668TN, January 1969. 
‘Every, J. S . :  Frequency  Response  Func t ion  Sor t ing  Program (TEV126 ,  LINKl ,  DIGI) .  
Boeing  document D6-29669TN, vol. 11, April 1971. 
’Clemmons, R.  E.: Programming   Spec i f i ca t ions  f o r  Modules  of t h e   D y n a m i c   L o a d s   S y s t e m  
to  Inter face   Wi th   FLEXSTAB.  NASA contract NAS1-13918), BCS-G0701, September 1975. 
( I n t e r n a l  document) 
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3.0 SYMBOLS AND ABBREVIATIONS 
The  following  list  contains  items  that  appear  in  the  discussion  sections of this 
document. 
Engineering 
notation  Definition 
f  Cyclic frequency, cps. 
Fa Aliasing  freque cy, cps. 
FFT  Fast  Fourier  transform 
FHARM Maximum  frequency  for  which the  FFT  is defined,  cps. 
FMAXO Maximum  frequency  for  which  the  input  frequency  response  functions 
are considered  defined,  cps. 
FMAXI Cutoff frequency, cps. 
fct, Forcing  function  expressed  in the  ime  domain. 
FhJ) Forcing  function  expressed  in  n,  thefrequency  domain. 
h(t)  Impulsive  response  f nction 
H(w) Input  frequency  response  function (complex). 
i K l  
M 
N 
Power of 2 which is used t o  define the  number of points to  be  used  in 
the  FFT. 
Number of points  used  in  the  FFT. 
t time, sec. 
TMAX Maximum  time for  which the  response  time  history is calculated, sec. 
x(t) Response quantity  expressed  in  the  t me  domain. 
X(0) Response quantity  expressed  in  thefr quency  domain. 
y(t)  Generaltime  function. 
Y(0) General  frequency  response  function  (c mplex). 






Frequency interval,  cps. 
Time  interval,  sec. 
Angular  frequency,  radlsec. 
Fourier transform of the  forcing  function, fit). 
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4.0 ENGINEERING AND MATHEMATICAL DESCRIPTION 
4.1 MATHEMATICAL  FORMULATION 
The  motion of a linear  system  can be  defined by a set of linear  differential  equations. 
The  response of the  system  to a particular  type of force is  obtained  from  the  solution of 
these  equations  with  respect  to  that force. Of particular  interest  are  the  responses of a 
linear  system  to two particular  types of forces: a harmonic  excitation  and  an  impulsive 
excitation. 
The  steady  state response of the  system  (the response of the  system  after  all  transients 
have died out) to harmonic excitation is described by the function H(o), called the 
frequency  response  function.  This  function  is  used  extensively  in  airplane power 
spectral  analysis  and  in  dealing  with  frequency  domain  aerodynamics. 
The  solution of the system's  differential  equation to a unit  impulse  is  described by the 
impulsive  response  function h(t).  The  value  in  the  impulsive  response  function  lies  in  its 
use with the principle of superposition, which is only valid for linear systems. Any 
arbitrary forcing function can be considered as an infinite set of impulses of varying 
magnitude. The responses of the  system  to  the  impulses  can be added t.ogether to give 
the total response due to the arbitrary forcing function. This superposition process is 
mathematically  written as the convolution integral 
t 
0 
x(t) = I h (t - 7) f (7)dT (1) 
where f(t) is  the  arbitrary forcing  function  (ref. 3). 
Therefore, having H(w) and  h(t) defined for a system, the response to both continuous 
and  discrete  excitation  is  defined.  It would be advantageous,  however,  to be able  to  use 
one of the functions, H(w) or h(t), to determine the other. Under certain conditions. 
Fourier  transform  analysis  accomplishes  this  task. 
A function,  y(t),  defined  in  the  time  domain,  can be transformed  or  completely  described 
in  the  frequency  domain by applying  the  transform 
Conversely, if 
time  domain. 
Y(w) is defined, the inverse transform can describe the function in the 
These  integrals  exist  provided  the following condition  is  met,  that 
is  finite.  If  this  is SO, then  y(t)  and Y(w) are known as Fourier  transform  pairs. 
For a stable  system,  Fourier  transform  theory  (ref. 3) shows that  the  impulsive  response 
function h(t)  and  the frequency  response  function H(w) are  transform  pairs;  i.e., 
and 
Therefore, once the system’s response is determined by either h(t) or H(w), the other 
function  can be calculated. 
Besides providing a link between the time domain and the frequency domain for a 
stable  linear  system,  Fourier  transform  theory  facilitates  the  evaluation of the 
convolution  integral  given by equation (1). In  the  frequency  domain,  convolution 
becomes a simple  multiplication of functions  (ref. 4), so that  
where X(w), Hb), and F(w) are  transform  pairs of x(t),  h(t),  and  f(t), respectively. 
Using the transform relationships and the frequency domain representation of the 
convolution integral,  it becomes possible to develop the  response of a linear  system  in 
the  frequency  domain  and  use  the  results  to  determine  system’s  response  to  a  discrete 
time  function. 
4.2 DIGITAL APPROXIMATION OF THE FOURIER INTEGRAL 
The mathematical formulation dealt with continuous functions and infinite limits of 
integration.  Digital  computers  are  incapable of dealing  with  either,  therefore; 
approximations  must be introduced  to be able  to  deal  with  Fourier  transform  integrals. 
First, by placing  restrictions on the  type of functions  which  can  be  dealt  with,  the effect 
of introducing finite limits into the integrations of equations (2) and (3) can be 
minimized.  The  restrictions imposed on y(t)  are: 
0 y(t)  must be real 
0 y(t) must be zero for t < 0 
0 y(t) must be negligible for t > TMAX 
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The  last  two  restrictions  enable  equation  (2)  to be written  with  finite  limits. 
Y(o) = J TMAX 
0 y(t)  e-iotdt 
The  first  restriction,  y(t)  must be real,  results  in  the frequency  domain  property of 
Y(-o) = Y *(o) ( 9) 
where Y *(o) is the complex  conjugate of Y(w). This  property  coupled  with  the 
restriction  that Y(o) is negligible for o > ~ T F M A x ~  enables the approximation of the 
inverse  relationship by the  equation 
The  relationship  between  the  maximum  time TMAX and  the  maximum  frequency 
F M A X ~  will  be  discussed in section 4.5. 
The  second  variation from the  exact  formulation, which must be  considered  when 
dealing  with  digital  computation,  is  the  use of digitized  functions  rather  than 
continuous functions. Using a function described by a discrete number of points is 
mathematically equivalent to time sampling a continuous function. Time sampling 
introduces an  aberration  into  the  transform process  which must be taken  into  account. 
Figure 1 illustrates  a  time  function  y(t,  and  the  Fourier  transform Y(f). 
Figure  I.-Function  in  Time  and Frequency Domain 
The  sampling of y(t)  may  be  regarded as multiplying  y(t) by a series of unit  impulses  at 
intervals At.  Figure  2  shows a series of impulses  and  the  Fourier  transform  pairs. 
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Figure  2.-Impulse  Functions  in  Time  and  Frequency  Domain 
From Fourier transform theory, the transform of the product of two functions is the 
convolution of the  transform  pairs,  or 
The  graphic  result of equation (11) is shown in  figure  3. 
I IY(f)*YI ( f )  I 
Figure 3. - Transform o f  Sampled  Time  Function 
The  result of sampling then is to make the transform functio'n periodic with a period 
equal to UAt. This results  in  an  overlapping  or  aliasing at the frequency Fa = 1/2At; 
therefore,  caution  should be exercised  in  choosing  the  size of the  sampling  interval At.  
Sampling in the frequency domain results in aliasing in the time domain. A further 
discussion of aliasing  appears in section 4.2.2. 
The  digital  forms of equations ( 8 )  and  (10)  are 
N- 1 - i 27r (jhf kAt) 
Y(jA0 = A t  y(kAt) e 
k=O 
where j = 0, 1 , .  . ., N-1 and 
N- 1 




where K = 0, 1, . . ., N-1 and  N  is  the  number of sample  points.  Equations  (12)  and (13) 
were  derived  using  the  trapezoidal  rule  approximation. 
The  condition that  the  time  response  is zero  for t < O  allows  equation (13) to be evaluated 
by two independent  methods.  These  can  then  be compared as  a check  on the  correctness 
of the  solution.  Rewriting  equation (13) 
where y(t)  can be seen  to  be  the  sum of an  even  and  an odd function of time.  These  add 
for t > O  and for t<O; they  subtract  to yield a zero result.  Therefore,  y(t)  can  be  evaluated 
from either  the  real  or  the  imaginary  part of Y(0; i.e., 
N- 1 
j = O  
Y(kAt) = 4Af Y~(jAf3 cos(2rjAfkAt) 
N- 1 
Y(kAt) = 4Af 1 Y1(jAf) sin(2xjAfkAt) 
j=O 
4.3 ANALYSIS PROCEDURES 
The  purpose of the L225  (TEV126)  program  is to evaluate  the convolution integral 
using Fourier transform techniques. In the frequency domain, equation (17) is  written 
as 
X(o)  = H(o)F(w) (18) 
The  time  history  program  accepts  both  the  frequency  response  function  and  the  forcing 
function  defined  in the  time  domain  and  performs  the  necessary  transformations, 
multiplications,  and  inverse  transformations. 
Certain restrictions are assumed with regard to the impulsive response function h(t) 
and  the forcing  function  f(t): 
h(t) = 
f(t) = 
( O  
t<O 
Nonzero OStSTMAX 
Negligible T M A X < ~  
t<O 
Nonzero OStSTMAX 
Negligible T M A X < ~  
9 
The restrictions are a result of the desire to minimize any error introduced by the 
approximations  made  in  evaluating  the  transform  integrals.  (This last restriction 
concerning  h(t)  implies  h(t) corresponds  to a stable system.) 
The process of obtaining the time response begins with the input of the frequency 
response  function H(w). The  program  can  accept  frequency  response  functions  derived  in 
either one of two ways.  First, if the  solution  to  the  differential  equation  was of the form 
e lot, then this is equivalent to the impulsive response function - frequency response 
function  relationship 
a, 
H ( w )  = I h(t)  e d t  -iwt 
-m 
(19) 
Second, if the solution assumed was of the form eiwty then the equivalent h(t) - H h )  
relationship  is 
The program assumes the form given by equation (19); , therefore, if the e form of 
the  solution  was  used  to  derive H(w), the  user  can exercise the option  to  use the complex 
conjugate of H(w) for the  time  history  analysis.  Thus, H(w). will  be  defined consistently 
with the program assumption. The maximum frequency for which H(w) is defined is 
denoted as FMAXO. It is assumed  that  the  value of H(w) beyond F M A X ~  is  negligible. 
The  program  also  assumes  that  the  real  part of H(w) is  an  even  function  and  that  the 
imaginary  part of H(w) is  an odd function. 
- i w t  
Input of H(w) may be at values of other  than  those  used  in  the  transform  equations (15) 
and (16). Linear  interpolation  is  used  between  input  frequencies  to  obtain  the  values of 
H(w)  at the required integration frequencies. It is important to input H(w) with a 
sufficient  density  to  allow for accurate  linear  interpolation. 
After  defining  the  frequency  response  function,  the  next  step  is  to  determine  the 
Fourier transform of the forcing function. The program has a number of internally 
defined  forcing functions  and  also has  the  capability of accepting  arbitrary  functions  via 
external  input.  With f(t) defined,  the  transform  equation 
F(w) = I f(t)e  dt TMAX -iwt 
0 
is numerically  evaluated. 
The  multiplication of equation  (21)  is performed,  and the  inverse  transform 
(21) 
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is  evaluated.  Because of the  restrictions placed  on h(t)  and  f(t),  the  time response  should 
be zero  for  t<O and  a  real  function. To check the accuracy of the  numerical  integrations 
and  the  validity of the  assumptions, two alternate expressions  may  be  used  to evaluate 
x(t) 
2mFMAX1 
X l ( t )  ="I 
27r 0 
Real{x(w)} cosotdo (23) 
The  assumption  that  the  contribution of X(o) to  x(t) beyond the cutoff  frequency FMAXI 
is negligible has  also  been  included  in  the  expressions. Notice tha t  xo(t)  is  the  average 
of xl( t )  and x2(t) which would all be equal if the program error was zero and the 
physical restrictions imposed on h(t) and f(t)  were adhered to exactly by the program 
input  functions. 
Equations  (21), (18), and  (22)  respectively,  appear  in  digital form as: 
N-1 




+ f((MM-l)At) - 
X(kAo) = H(kAo)T  [f(jAt)]k 
N-1 
xo(jAt) = 2 Real -Am x X(kAo)e ikAojAt 
(:Z k=O 
where: 
j = 0. 1, . . ., N-1 
k = 0, 1, . . ., N-1 
(25) 
(26) 
Nonzero k = 0, 1, . . ., NN 
Zero k = NN+1, . . ., N-1 
x(kAw) = 
Nonzero j = 0, 1, . . ., NN 
Zero j = NN+, . . ., N-1 
f(jAt) = ( 
MM = NN+1 if NNsN-1 
MM = NN if NN=N 
The evaluation of equations (251, (26), and (27) is made using both the Cooley-Tukey 
and  fast  Fourier  transform  algorithms  (ref. 4). 
4.4 PROGRAM ACCURACY 
The  program  accuracy  is a function of the  program  input  functions,  the cutoff frequency, 
and the spacing in the time and frequency domains. For optimum conditions there 
should be no discontinuities in the input functions and appropriate spacing should be 
used in the time and frequency domains. However, the use of the time history for a 
variety of problems necessitates the user’s understanding of the effects of the FFT 
approximations. Reference 4 gives a thorough explanation of FFT techniques and the 
impact of the various approximations made in the FFT process. A brief discussion of 
how to set up a time  history  solution follows. 
4.4.1 CUTOFF  FREQUENCY  CONSIDERATIONS  AND  EFFECTS 
In the program analysis, the product of the frequency response function H(D and  the 
transform of the forcing function T[f(t)] is assumed  to  be  symmetric  about  the  origin 
and  negligible  for  frequencies beyond the cutoff frequency F M A X ~  (see fig. 4). 
X( f )  = H( f )  T l f ( t ) l  
U 
F~~~~ F~~~~ F~~~~ 
Frequency 
Figure 4.-Transform of  the Time Response 
The effects of truncation in the  frequency  domain  are a superposition of waviness on the 
original  time  function  x(t1  and a possibility of causing  small  values of x(t) at t = 0. The 
amount of waviness  and  the  magnitude of the  initial  value will depend on the type of 
function  being  considered  and  t.he  value of FMAXI. Functions  with low frequency 
content, such BY sine  and cosine functions  and  gradual  ramps,  will  show  little  effect of 
tnmcation.  However,  functions  having  high  frequency  content,  such as steps  and  sharp 
ramps,  will be affected  more by the  truncation  function.  Thus,  it is important  to  pick a 
value ol‘ FMAX 1 that  will  inciude as much of the  frequency  function as possible. 
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When considering a frequency  response function and/or a particular  excitation  function 
for the  first  time,  the  user  should exercise the option to  obtain a plot of I X(0 1 ,  where 
I X(0 I is the  magnitude of the complex function  X(0.  The  range of f considered should 
be as high as possible while keeping in mind the frequency response function and 
forcing function used. This plot will give a n  indication as to what value of cutoff 
frequency will give suitable results. If the algorithm is to give accurate results, the 
values of I X(0 I beyond the cutoff frequency should be negligible. 
It is important  to  note  that  the  approximation being introduced by assigning a cutoff 
frequency is that 
i%ft 
E(t,F) = 2Real O3 X(0e df 
I F  
is negligible  when compared to 




Looking a t   the  plot of I X(D I does not give an absolute indication as  to  whether  or  not a 
particular  value of cutoff frequency  will give satisfactory  results.  It should only serve as 
a guide. 
To illustrate the effect of cutoff frequency, an input frequency response function of a 
constant value of one was convoluted with two forcing functions: a rectangular wave 
and a one-minus cosine wave. Three values of cutoff frequencies were considered, 2.5, 
10, and 20  cps. Figure 5 shows the  rectangular wave and how it  is affected by the cutoff 
frequency. Figure 6 shows the effect of cutoff frequency on a one-minus cosine function. 
The  two figures  demonstrate  that, for functions  with  sharp  discontinuities,  high  values 
of cutoff frequency are needed, whereas, smooth functions do not require as large a 
frequency range.  Functions  with  sharp  discontinuities  have  high frequency  components, 
whereas, smooth functions  contain  little  contribution from frequencies beyond the 
fundamental frequency of the wave. This can be seen from the plot of the frequency 
functions for the two waves shown in figure 7. The rectangular wave  contains 
significant contributions from frequencies above 10 cps. The one-minus cosine wave, 
however, shows little or no contribution beyond 10 cps. Thus, the accuracy of the 
calculated time response of a function will depend on its frequency content  and  whether 
or  not  the  frequency  range considered adequately  accounts  for  the frequency content. 
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Figure 6. -Cutoff Frequency Effect OII a One-Half ( 7  - COS) Wave 
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Figure 7.- Freq!lerlcy Response Functions for a Rectangular 
and a ( I w H a l f  ( 1  - cos) Wave 
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4.4.2 TIME  AND  FREQUENCY  INTERVAL  SIZE 
Accuracy of the  results  obtained  is  also a function of the  time  and frequency interval 
size chosen. The interval size is dependent on the number of points, N, chosen to be 
used in   the FFT, the maximum time of interest, TMAX, and the maximum frequency 
which the input frequency  response  functions are considered  defined, FMAXO. The 
relationships of the  variables will be discussed in  section 4.5. It  is  the  purpose of this 
section  to illustrate  the effect that  interval size has on the  results  obtamed. 
It was mentioned in section 4.2 that digitizing a continuous function in one domain 
(time or frequency) results in an aliasing (or overlapping) effect in the other domain. 
This  aliasing  is  directly  related  to  interval  size. As shown in  figure 3, the  sampling of a 
time  function  results  in  its  transform  point  being  repeated  in  the  frequency  domain at a 
frequency 
Similar  sampling of a frequency  function will redult  in a time  repetition  at 
Ta = l / A f  (32) 
To minimize the distortion of the frequency and/or time functions. the interval sizes 
should  be  such that  the portion of the frequency  function  beyond Fat2 or the portion of 
the  time  function beyond ‘Fa should  be  negligible.  Note  that for the frequency  functions, 
half Fa is  the  point of overlap  because  the  frequency  functions  are  symmetric  about  the 
origin (see fig. 3). On the other hand, the time functions have no values for t < 0, 
therefore, Ta is the  point of overlapping. 
To illustrate the aliasing effect, time responses of the first elastic mode and wingtip 
acceleration to a one-minus cosine forcing function were calculated using two different 
sample sizes. The first case used a frequency interval size of 0.0395 which gives an  
aliasing  time T, = 25.3 sec. The second case used an  interval size of 0.289 which  gives 
an aliasing time of 3.5 sec. Figures 8 and 9 show the time histories of these response 
quantities.  Case one results show that  the responRe of bot.h quantities  damp  out beyond 
8 sec, therefore, overlapping of the time function beyond 25.3 sec has no effect on the 
time  history.  However,  both  quantities show significant  response  between 3.5 and 
7.0 sec. I t  would be expected, therefore, that any overlapping that occurs within this 
time frame would significantly distort the resulting time history. The results of case 
two show this to  be true. 
The  analysis  procedures  used by L225 require  the  analyst  to  account for aliasing  effects 
in both the time and frequency domain. Aliasing in the frequency domain must be 
considered with regard to the forcing function, f(t), since it is this function that is 
transformed  from  the  time  domain  to  the  frequency  domain.  The choice of the size of the 
time sampling interval, At, must be made with regard to the nature of the forcing 
function.  For  example. a forcing  function  with  sharp  discontinuities  may  have 
significant high frequency content in its Fourier transform and thus may require a 
small  time  interval  to  ensure  a  large  aliasing  frequency. The frequency sampling size, 
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Figure 8.-lnterval Spacing Effect on  First Elastic  Mode Response 
C A S E  I C A S E  I 1  
Af, on the  other  hand,  should be  chosen  with  regard  to  the  response  quantity,  x(0.  High 
values of x(D in  the low frequency  range  may  indicate  that  the  resulting  time  function, 
x(t), could have  significant  magnitude at large  values of time.  Therefore,  the  size of the 
frequency interval  should be such  that  the  aliasing  time, T,, is  well  beyond the 
maximum  time of interest, TMAX. 
4.4.3 SAMPLE RESULTS 
As an  illustration of the  program  accuracy,  the  results of a transport  airplane  analysis 
are  presented.  The  airplane  was subjected  to  three  different  forcing  functions: a 
25-chord one-half (1-cos) function, a 25-chord rectangular wave, and a gust digitized 
from record flight  data.  Shear at one of the wing stations  was chosen as the response 
quantity t o  be presented.  Figures 10 through 12 show the magnitude IX(fll of the 
frequency function of the convoluted shear. Figures 13 through 15 show the  resulting 
time  histories. Two different  values of cutoff frequency  were  used.  Note that  the effect 
of cutoff frequency is more pronounced in the cases of the rectangular wave and the 
measured  gust  because  in  both of these  cases  there  is  significant  response  above 3.5 cps. 
Included in the time history figures are the results obtained using an initial value 
routine (a Runge-Kutta  numerical  integration  method). 
4.5 ANALYSIS PARAMETER SELECTION 
As mentioned in section 4.4.2, the accuracy of results of an analysis will depend on 
the  type of input  functions  (both  forcing  and  response),  the  frequency  and  time  interval 
spacing,  and  the cutoff frequency.  The  capability  exists  with  card  set 9.0 for the  user to 
select one of several options t o  be  used  to  calculate  the  analysis  control  data  that will 
best suit  the problem at  hand. 













Number of points to be used in the Cooley-Tukey algorithm for the 
FFT calculation 
Power of two  used  to  define N 
Largest  frequency  value for  which the  Fourier  transform  is defined 
Time  interval 
Frequency  interval 
Cutoff  frequency 
Maximum  time for  which the  time  response is calculated 
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Figure  lO.-Ai,-plane Response to  a 25-Chord Rectangular Wave 
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Ficure 1 I.--Airplane Response to a 25-Chord One-Half ( 1  - cos) Wave 
in the Frequency Domait, 
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Figure  12.-Airplane Response to a Spanish Peak Gust 
in the Frequency  Domain 
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Figure  13.-Comparison of an 
Rectangular Wave 
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Airplane Response to a 25-Chord 














0 1 .o 2.0 
TIME -SEC 
Figure  14.-Comparison of an Airplane Response to a  25-Chord 
One-Half ( I  - cos) Wave in the Time  Domain 
h) m 
0 1 .o 2.0 
T I l F  - SEC 
Figure 15. -Comparison of an Airplane Response to a 
Spanish Peak Gust in the  Time  Domain 
Several  options exist  hat  enable  the  user to determine the parameters given  in 
equation (33). All options require the user to define FMAXO. Table 1 is a list of the 
options available;  the input data required with each option; and the restrictions under 
which each  option  operates. 



















Restrictive  conditions 
F ~ ~ ~ ~ = F ~ ~ ~ ~ = F ~ ~ ~ ~  
M(1) = 10 
T M A X = ~ O ~ ~ / F M A X O  
At= 1 /FMAXO 
F ~ ~ ~ ~ = F ~ ~ ~ ~ ' F ~ ~ ~ ~  
TMAX +/FMAXO 
At = I/FMAXO 
F H A R M = ~ M A X - ~ ~ M A X O  
TMAX> N;FMAXO 
A t 2  1 /FMAxo 
F ~ ~ ~ ~ = F ~ ~ ~ ~ G F ~ ~ ~ ~  
T M A X > ~ ' F ~ ~ ~ ~  
F ~ ~ ~ ~ = F ~ ~ ~ ~ = F ~ ~ ~ ~  
At> l /F 
MAX0 
IF TMAX<N/FMAXO(usuaI situation) 
At<N/NN" FMAXO 
or 
F ~ ~ ~ ~ = F ~ ~ ~ l s F ~ ~ ~ ~  
IF  TMAX>N/FMAXO 
F ~ ~ ~ ~ 2 F ~ ~ ~ ~  
FMAXO~~MAXI 
At>N/NN*FMAXO 
At is changed only as a last  
resort 
FHARM>FMAXI 
F ~ ~ ~ ~ 2 F ~ ~ ~ 1  
TMAX i s  changed only as a last 
resort 
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The  parameters  are defined  under  the  two  basic  restrictions  that 
FMAXI  FHARM 
and 




FMAXO = Maximum  frequency  for  which  the  input  frequency  response  functions 
are considered  defined. 
Since the frequency function X(o) is formed from the product of the input frequency 
response  function, H(w), and  the  Fourier  transform of the forcing  function, F(o) (eq. 181, 
it  makes no sense  to  integrate beyond the  point  where  either F(w) or H(o) is  adequately 
defined.  The  program  restrictions  stated  in  equations (34) and (35) result  in  such  a check 
being present during parameter selection. If the user were to select a combination of 
parameters  that would violate  these  restrictions,  the  program  will  automatically 
readjust the parameter so that the restrictions of (34) and (35) are met. The program 
does not,  however,  have any  safeguards  with  regard to aliasing effects. I t   is   the 
responsibility of the  user  to  ensure  that  the  selection of the  analysis  parameters  given 
in  table 1 will not  introduce  serious  aliasing  effects  with  regards  to F(w)  or  x(t). 
Options 1 through 4 are  generally used  to  define the response  for large  values of time. 
When the  maximum  time of interest  is  small  yet a large  number of points are needed  to 
properly  define the  transform,  options 5 and 6 are  recommended.  These two options  are 
normally  selected  in  the  majority of analyses.  In  options 7 and 8, the cutoff frequency  is 
calculated  from  the  relationship 
which is  derived from equation (33). 
In options 3 through 6, the input variable A t  or TMAX is subjected to change if the 
restrictive  conditions  are  not  met.  The  user  has  the  option to have  such  changes  printed. 
28 
5.0 PROGRAM DESIGN AND STRUCTURE 
The time history program L225 (TEV126) consists of three overlays. Figure 16 shows 
the  overlay  structure  used  for  this  program.  The  main  overlay is a small  program  used 
to drive  either  or  both of the  two  remaining  overlays.  The  function of the SORT  overlay 
is to  select  and  rearrange  the  frequency  response  functions  input  from  the PSD 
program.  Input  to  this  overlay  is  via  cards  and  magnetic  files.  Output  from SORT is the  
magnetic  file “SRTFRP” containing  the  chosen  frequency  response  functions. 
The ANAL overlay performs all convolutions and transformations. Card and magnetic 
file inputs  are  used.  The  user  has  the  option to output  printed  time  histories, a file of 
plotting vectors for the response time history, andlor a file of plotting vectors for the 
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F u n c t i o n  
7 C a r d s  
T i  me 
H i s t o r i e s  
E t c .  
P l o t  V e c t o r s  P l o t  V e c t o r s  
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F u n c t i o n s  
Figure 16.-L225 (TEV1261 Overlay System 
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6.0 COMPUTER PROGRAM USAGE 
6.1 MACHINE REQUIREMENTS 
The  machine  requirements  for  an  execution of the  program L225  (TEV126)  are: 
Card  re der  Readcont ol  cards nd data  ards 
Printer  Print  calculated  results 
Disk  storage Contain a temporary  file of sorted  frequencies  and 
responses 
Magnetic  tape  drive  Read  the  program  file,  frequencies  and  responses,  time 
functions,  and  write plot data  files 
6.2 OPERATING SYSTEM 
Program  L225  (TEV126) is written  in FORTRAN for the CDC 6600. It may be compiled 
with either the RUN or FTN compilers. L225 (TEV126) may be executed under the 
KRONOS  2.1  or  NOS  operating  system. 
6.3 CONTROL CARDS 
L225  (TEV126)  may  be  extracted  from a master  file  and  executed  on the KRONOS  2.1 







REWIND  (MASTER) 
SKIPF (MASTER)  Retrieves the 
COPYBF  (MASTER.L225) absolute  binary 
overlays of L225 
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RETURN  (MASTER) 
e 










6.4 RESOURCE ESTIMATES 
Field Length 
The field length required to load L225 (TEV126) is 100000 octal words. The minimum 
field length  required  to  run  the  program is 115000  octal words. More may  be  required if 
the problem  size is large.  Estimate  the field length needed  with  the following formula: 
where: 
NFREQ = Number of frequencies 
NRMAX = Number of responses to  be read;  larger of NDOF and NLD (see  card 
set  3.0) 
Note that  FL  must be changed  to  an octal base  number before being placed on the job 
card. 
Timing 
The  central  processing  time  required  to  convolute  one  frequency  response is 
approximately  2.5  sec. 
Printout 
The number of lines  printed  depends on the  number of convolutions processed and  the 
type of output requested. See cards 10.0 through 10.4. The maximum lines per 
convolution is  approximately  2050. 
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Tape  Driver 
A magnetic  tape  drive  will be required if the  program is to be accessed from a master 
tape,  or if the  frequencies  and  responses  are  on  tape,  or if the  time  functions  are  to  be 
read  from  tape. 
Disk  Storage 
The  disk  storage  requirement of L225  (TEV126) is  small  enough  that  the  user  need  not 
be  concerned  about  it.  The  scratch  file  “SRTFRP”  written  in  SORT,  overlay  (L225,1,0), 
will contain a maximum of 55,000 words. For the length of the plot files written by 
ANAL, overlay  (L225,2,0),  see  section 6.6.2. 
6.5 INPUT DATA 
Program L225 (TEV126) reads input data from two sources: cards and magnetic files. 
Program directives and constants are input via cards. The frequency responses to be 
processed may be input on either  cards  or  magnetic  files. 
6.5.1 CARD INPUT DATA 
Figure 17 provides an overall picture of the card input data flow. The content and 
format of each  card  are  described  in  detail  in  section 6.5.2. 
The task performed by L225 (TEV126) is broken into two subtasks, each with its own 
section of code known as a primary  overlay.  The  two  primary  overlays  are  driven by a 
small  program,  the  main  overlay  L225. 
L225 reads  program  directive  cards to: 
0 Assure that the data being read is intended for L225 (TEV126) 
0 Determine which section of code (primary overlay) is to be executed next. 
0 Terminate  execution 
Each  primary  overlay  has  its own card  input  data  sets.  The  primary  overlays  and  data 
set  numbers  are  listed  in  table 2. 
The following cards are all program directive cards read by L225. Note that they all 
begin  with a keyword having “$” as the first character. 
Card  Keyword 
1 .o $TIME 
Card Keyword 
2.0 $SORT 
1.1 $TITLe 7.0 $ANALysis 
1.2  $CHECk 12.0 $QUIT 
Each  card  set is described  in  section 6.5.2. 
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Start Card  Set 1 .O 
" $TIME" 
Card 1.1 I 
"STITL" 
(Optional) 






Frequencies  onCARDS  Frequencies  onTAPE 
4 




r"T=+l Card 4.3 
9 i = l  .NRMAX 














Card  9.1 
CONJU 
( O p t i o n a l  ) 
Card  9.2 
INTEG 
( O p t i o n a l )  
Card  9 . 3  
PRINT 
( O p t i o n a l  ) 
Figure 7 7. - (Continued) 
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"OUTPU" 




(Card  10 .2 .1  1 
T J ( i ) , i =  NTPTS 
"PLOT" 
"PLOT" 
( "$END" I Card Set  11 .O 
Repeat   f rom  Card  1 .1 
o r  
Repeat From Card  Set  7.0 
o r  
END 
Figure 17. - (Concluded) 
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Table 2. -Primary Overlays and Data Set Numbers 
1 Overlay 1°F 
Number Purpose of primary overlay 
~~ - 
1 Sort frequency responses  read from 3 through 6 SORT 
magnetic file or cards  and write  on 
a scratch file those that are to  be 
1T-r NAL 8 through 1 1  retained  Convolute for  the analysis frequency i  ANAL. r sponses read from the  scratch file (prepared by SORT) and  generate time histories. 
6.5.2 FORMAT OF CARD INPUT DATA 
All card  data  are  read  in fixed fields - specific  columns of the  cards.  The  required  card 
columns are defined next  to  each keyword or  variable  on  the  pages  that follow. Note  the 
following conventions are used  throughout  the  program: 
0 All floating point variables are read with format E1O.O 
0 All integer variables are read with format 15. 
0 All hollerith variables (keywords, etc.) are read with format A10 
Therefore,  all  data  fields  end  on a card  column  which is a multiple of' five. 
When the  program  is  trying  to recognize keywords, it checks  only  the first five 
characters. Any ndditiunal  characters  are  ignored. 
The main overlay of L225 (TEV126) reads cards to determine which program module 
(SORT or  ANAL) is  to be called  into  execu+' ,ion. 
Note: Only  the  first  five  characters of any keyword are read to determine  what is 
to  be done.  All   underlined  capital   characters  contained  in  the 
KEYWORDNARLABLE field of the input card sets must be left justified 
and  punched  in  the  card  columns specified in  the COLS. field of the  input 
card sets. 
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T h i s  c a r d  r u s t  a l w a y s  be t h e  f i r s t  c a r d  f o r  t h e  Time H i s t o r y  
Li25(TEV126)  program. 
;tote. For a n y   c a r d   w i t h   o n l y  a keyword  on i t ,  t h e   u s e r  may use 
card  columns 6 - 7 2  f o r  h i s  comments. 
"" ___---_.. - 
Card  1.1-Title  Card 
" . ..~ -- 
1 
I__~_ - - DESCRIPTI04 
~ 1-12 1;TITLe I A19 
I 
I T h i s   c a r d  i s  used t o  l a b e l   t h e  
I I"  I I Any number o f  TITLE  cat-rls may be i n p u t .  Columns 1-22 a r e   p r i n t e d .  
"" ""I" A 
Card  1.2-Program  Checkout  Card 
DESCRIPTIO14 
T h i s   c a r d  i s  not recommended f o r   n o r m a l   p r o d u c t i o n   r u n s .  When used, 
t h e  p r o g r a m  t r i e s  t o  c o n t i n u e  even a f t e r  f a t a l  e r r o r s  a r e  e n c o u n t e r e d .  
_.___ I-_ 
Card Set 2.0-Sort  Instruction Card 
Note: Card set 2.0 must be input at least once before card set 7.0, $ANAL, the 





_ _  -___.- __ 
BESCWIFTION "_ "_ "
T n i s   c a r d   d i r e c t s  L225  (TEV126) t o  c a l l  SORT, t h e   r e s p o n s e   f u n c t i o n  
s o r t i n g   o v e r l a y .  Cards 3.0 th rough  6.0 wil be  read,  response 
f u n c t i o n s  wil be s o r t e d ,  and c o n t r o l  wil b e   r e t u r n e d   t o   t h e  
L 2 2 5  fTEV12G) main overlay. 
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Card Set  3.0-Size and Characteristics of Input Data 

















_ "  ~ 
E 1 O . O  
"- " .  .. .. . "" 
DESCRIPTION ... ~ "" . - . ~- 
Keyword f o r  t h e  s i z e  of input. 
When the   response   func t ions   a re   to  be read  from  cards,  NRMAX i s   t h e  I 
number of responses to be i n p u t .  
When the  response  func t ions  a re  to  be read from  a  magnetic f i l e ,  
NR!.ZAX i s   the   l a rger   o f   the   fo l lowing  two numbers: NDOF, the  number 1 
i 
of   generalized  coordinates (q ' s )  on t h e   f i l e ,  a n d  N L D ,  the  number of 1 
.~ - .  - - . . .. 
i 
loads on t h e  f i l e .  
( 0  S NRMAX 5 100) I 
iiumber of   f requencies   to be read from cards   o r   magnet ic   f i l e .  I 
ilote:  All frequency  response  functions m u s t  be def ined  for  the ! 
same array of  f requencies .  I I 
( 0  < N F R E )  <- 250) 
The frequencies read from cards  or  tdpe wil l  be mult ipl ied by F A C T O R .  
FACTOR i s  used t 3  convert  the units of the input frequencies to Hertz.  
Default i s  1.9. I 
__ I 
(FACTOR > 0 )  I 
Card  3.1-Prowam  Checkout  Option  (Optional) 
If not  used, ICKPTl will be set to zero. 
- ~ " . . _ _ _ I _ " - _ _ _ - - .  " 
DESCRIPTION 
This keyword i s  used for checkout of t h e  SORT program. 
This card i s  used to  p r in t  t he  inpu t  ma t r ix  da t a ,  o r  the  da ta  
being passed between overlays. 
= 0 f o r  normal production r u n  (Defaul t )  
= 1 will   print ,   the  frequency  response  functions i n p u t  t o  the 
. -__ -. "~ "" - 
SORT rout ine .  
= 2 will   print   the  input  frequency  response  functions,   output 
frequencies and output frequency response functions from SORT. 
-. - - "" ~ 
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If the  frequencies  and  frequency  response  functions  are  to be input on  cards,  card  set  3.0 
(and  card 3.1 if used)  will be followed by cards 4.0 through 4.4. If they  are  being  input 
by magnetic  file,  cards 3.0 and 3.1 will  be  followed by cards 5.0 through 5.2. 
C a r d  Set 4.0-Frequencies and Frequency   Response   Funct ions  Input F rom  Cards  
Omit  cards 4.0 through 4.4  if frequencies  and  frequency  response  functions are  on 
magnetic  file. 
~ . "" - 
FORWT DESCRIPTION I 
Keyword introducing the card se t  def ining the i n p u t  frequency array.  
~ - - -. - . - - - - - 
Card  4.1-Frequency  Array 
KEYKOR3/ 
.. . ._ " ~ ~ 
COLS. DESCRIPTION FORHAT V A X I X L E  
I 
___ 
I I 1 7 E l C . O  1 Elements of the  frequency  array.  
F I ( i j ,  i = 1,  NFREQ 
I :.late: F I ( i )  > F I ( i - I )  0. 
I Repeat  the  card  with 7 nurbers per card until  al l  elements are FI (;iFRE3) 
def ined .  
Card 4.2-Response Functions 
- ~. ._ .- 
DESCRIPTION .. 
1-10 w n s e  I A1O i Keyword introducing the response functions being input on cards .  ." - . -_ - - - I"_
Card 4.3-Frequency  Response Function  Array 
Repeat  cards 4.3 and 4.4 in  pairs NRMAX times. 
1 1 1 FORMA? 1 KEYWOR3/ COLS.  VARIABLE DESCRIPTION 
"" 
p a r t  o f  the frequency response function array.  
FRFR(i;, i = 1. NFREQ 
Repcat  the  card  with 7 numbers per  card unt i l  a l l  e lements  are  
F R F R ( N F R E Q )  defined . - -. ". .- 
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I I 11111  1 I 1  111111111 m1.11 111 111. I 
Card  4.4-Frequency Response Function  Array 
FRFI (NFREQ) 
" . ______-_ 
FORMAT DESCRIPTION _" - . .  
7E10.0 Imaginary p a r t  of the frequency response fuiction array 
FRFI(i) ,  i = 1, NFREQ 
Repeat the card with 7 numbers per card  unt i l  a l l  e lements  a re  
def ined.  
Card Set 5.0-Frequencies and Frequency Response Functions Input  From 
Magnetic File 
Omit cards 5.0 through 5.2 if frequencies and frequency response functions are 






V A R I A B L E  FORMAT 





Keyword indicating the frequency array a n d  responses are o n  a 
magnetic f i l e .  
~~ 
F i l e  name  on which frequency array is found. 
7 
i 
The  number of the  so lu t ion  on HTAPE which i s  t o  be sor ted .  
Default = 1.  
~ ~~ ~ ~~ ~ 
The  number of  qenera l ized  coord ina tes  (q ' s )  t o  be saved  for 
a n a l y s i s .  
Note: NSAVEQ 5 NRHAX. 
Default:   All   generalized  coordinates  will  be  used in   analysis .  
The  number of  load  frequency  response  functions  (L's)  to be save3 
fo r  ana lys i s .  
Default: A l l  loa3  responses  will be  used  in  the  ana:ysis. 
Note: HSAVEL 5 NR!lAX. 
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Card 5.1-Choose q's To Be Saved 
Omit  card 5.1 if NSAVEQ = 0 on card 5.0. 
1-5 I ISAVE?(l) 





- ~ -~ ~ DESCRIPTION 
An array of numbers ind ica t ing  which q ' s  a r e  t o  be  saved  for  ana lys i s .  
ISAVEQ(i), i = 1, NSAVEQ 
Repeat the card  with 11 numbers per  card  unt i l  a l l  e lements  a re  
def ined.  
I_ . - " - . - ." ". - ~ "" _ _  
Card 5.2-Choose L's To Be Saved 











- - . - - -. - -. -. . -. - - - - - - " - - - __ - - DESCRIPTIOfl 
An array of  numbers ind ica t ing  which loads  a re  to  be  saved Ccr 
a n a l y s i s .  
ISAVEL(i ) ,  i = 1, NSAVEL 
Repeat the card w i t h  14 numbers pe r  ca rd  un t i l  a l l  e l emen t s  a re  
def ined.  
-~ " . _  - ~ " " "" ~ _ _ . ~  
Card Set 6.0-End of SORT Overlay 
I A10 Keyword t o   i n d i c a t e  the end of   da ta   for   the  SORT overlay.  Execution I 
L i s  r e tu rned  to  L225  (TEV126) main overlay.  " " ~" . . - .  . ". - - - ~. 








FORMAT 1 DESCRIPTION "- " - - ~ 
i 
A10 Th i s  ca rd  d i r ec t s  L225  (TEV126) t o  c a l l  A N A L ,  the t ime  history 
ca i cu la t ion   ove r l ay .  C a r d r e t s 8 . 0  t h r o u g h  11.0 will be read, time 
h i s t o r i e s  c a l c u l a t e d  and p r in t ed ,  and execution  will  be returned 
t 3  L225  (TEV126) main overlay.  
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K E Y  ~oRD/  
VARIABLE 
w i  on 
. ~ - .. 
TYPEX 
-" ~~ 
~ ~. . . . " "" .. 
DESCRIPTION - ~- ". 
Keyword indicat ing the type of  t ime funct ion to  be used in  the  
ana lys i s .  
Keyword indicating  the  type  of  t ime  function  to use. First 5 
charac te rs  o f  heyword are  checked. This includes  blank  spaces. 
" "~ . "" 
Where: 
TYPEX = 
STEP funct ion 
TRIPLe s t e p  
m s e  
SINE wave 
O N E  Minus cosine 





See Figure 18 f o r  an i l l u s t r a t ion  o f  t he  above  time  functions. 
- ____ 
Note: Card 8 .0  must be followed by cards 8 .1  through 8 .3  if 
TYPEXZNON-Standard or by card 8.4 or 8.5 if TYPEX = NON-Standard. 
Card 8.1-Time Array 






VARIABLE FORMAT DESCRIPTIO:4 
7E10.0 I Array of times  used t o  define the t ime function 
T ( i ) ,  i = 1. 7 
1 
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AMP(1) - - - b 
_"" F t  - - - - -  -t I M P U L s e  
AMP ( 
Figure 18.-Standaard Time Functions  in L225 (TE V126) 
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AMP ( 5) 
AMP( 4 )  
AMP ( 6) 
AMP 
IIiiEE one  minus  cosines 
I  PERIOD^ PERIOD? PERIOD 7 
Figure 18. -(Concluded) 
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A!4P( 1)  
AMP ( 2 )  
AMP ( 7 ) 
FOR4kT 
7E10.0 A r r a y  o f  ampl i tudes  used t o  d e f i n e  t h e  t i m e  f u n c t i o n .  
AMF(i) ,  i = 1, 7 
Card 8.3-Period of  Time Functions 







P E R I O D  
FORMRT 
E 1 O . O  P e r i o d   i s  used t o   d e f i n e   t h e   p e r i o d i c   t i m e   f u n c t i o n s .   R e q u i r e d  
o n l y  i f  t h e  T ime  Funct ion name i s :  SINE wave, ONE M inus ,   o r  
THREE one. 
Card 8.4-Tape  Containing  the  Time  Functions 
Omit cards 8.4 through 8.5.2 if TYPEX # Non-Standard. 




i 1 - i 3  j TAPE A10 Keyword i n d i c a t i n g   t h e  T ime   Func t i ons   a re  ontape .  
I ! 
t" 11-20 21 - 2 5  ~ N T F T P  1 ;io 1 Name o f  t h e  t a p e  c o n t a i n i n g  t h e  T ime Funct ion.  - NFILTF The numbers o f  f i l e s   t os k i p  on HTFTP b e f o r e   t r y i n g  t o  r e a d   t h e  
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Card 8.5-Cards Containing  the Time Function 
~. 
COLS. 
1- l o  
11-15 
. ~- 
" .  
Omit card 8.5 if time  function i s  on tape. 





.~ ~ -~ 
-




.. . " 
" - - 
. . ~ ". ". 
- . ~ ~ . . . -~ DESCRIPTION 
Keyword ind ica t ing  the  
Number of points i n  the 
( 5 1000) 
. . ~~ 
~- ~ ~ 








T F T (  1 )  7E10.0 




-. - . . . .  - __-___ 
An array of t imes used to define the Time Function 
TFT(i) ,  i = 1, NTIMES 
Repeat the card with 7 numbers per  card unt i l  a l l  e lements  are  
def ined.  
- 
Card 8.5.2-Amplitude Array 





VARIABLE 1 FORMAT K E Y W O R D /  







- ____ ~ 
DESCRIPTION 
" " 
An ar ray  of amplitudes used to  def ine  the Time Function 
TFA(1). i = 1, NTIMES 
Repeat the card with 7 numbers per ca rd  un t i l  a l l  e l emen t s  a re  
def ined.  
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Card Set 9.0-Analyyek Options 
,_ - " - , ....... , , .......... - ...... " .- - . -. .. - ....... _" ...... . - ..... " .. . . . . 
\ I  i I r o c s i d e r e d  t c  be de f ined .  
' i . I i - .  
A summary of the rivailable options is snown 
prewer,ted in sectio;l 5.3. 
I 
2 
in table 3.  A dixussion of the options is 
Card 9.1-Conjugate Reeponse Function  (Optional) 
"_ __  .. 
1 i i 1-:o ;=gate n:o 
I t  1 I 
1 Keyword ts cause  the i n a u t  f r e q u e n c y   r e s p o n s e   f u n c t i o n s   t o  be  
i cor1 j uqa  +pd L. - b e f s r e   t r a n 5 f o r m  i s  per forn le?.  I I 
i ! i ! I j Zetau ' i t  i s  E c o n j u g a t i o n .  






















F ~ ~ ~ ~ = F ~ ~ ~ ~ = F ~ ~ ~ ~  
M(1) = 10 
TM,-,x'~~~~/FMAXO 
At= l /FMAXo 
F ~ ~ ~ ~ = F ~ ~ ~ ~ = F ~ ~ ~ ~  
TMAX  =N/FMAXO 
At = l/FMAXO 
FHARM=~MAXI<~MAXO 
TMAX> N / F ~ ~ ~ ~  
AG=l/FMAxo 
F ~ ~ ~ ~ = F ~ ~ ~ ~ s F ~ ~ ~ ~  
F ~ ~ ~ ~ = F ~ ~ ~ l = F ~ ~ ~ ~  
IF TMAX<N/FMAXO(usual situation) 
At<N/NN*FMAXO 
or 
F ~ ~ ~ ~ = F ~ ~ ~ ~ s F ~ ~ ~ ~  
IF   TMAX~NIFMAXO 
At>N/NN' FMAXO 
FHARM~FMAXI 
F M A X O ~ ~ M A X I  
At is  changed only as a last  
resort 
F H A R M ~ ~ M A X I  
F M A X O ~ ~ M A X I  
TMAX i s  changed only as a last  
resort 
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. - . .. - . .. ... . 














u n a r y  
- 
. -  ~" " 
Keyword i n t r o d u c i n g  t h e  i n t e g r a t i o n  s e l e c t o r .  
The t y p e  o f  i n t e g r a t i o n  t o  be  performed i n  t a k i n q  t h e  i n v e r s e  
t ransform where TYPEX must be one o f  t h e  f o l l o w i n g  k e y w o r d s .  
- ~ - 
f m e x  ( D e f a u l t )  
i w n  a ry  
TYPiX = REAL 
_ _ _ ~  __ _ _ _  _____ 
" -__-__ 
EQUATION USED 1 
2nFMAXl 
x ( t )  = - 4  - 
2n ' /;mag {X( . ) )  s i n  w t  dw 
0 
2nFMAXl 
x ( t )  = 4 &/Real { X(W)  } cos w t  dm 
0 
Card 9.3-Print Parameter  Changes 




K e y w o r d  r e q u e s t i n g  p r i n t i n g  o f  c o n t r o l  d a t a  c h a n g e s  made by  the 
program t o  TMAX or DELTAT. 
D e f a u l t   i s   p r i n t i n g  TMAX o r  OELTAT changes. _____ _1 " 
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. .  
" 
21-25 
... - . . . .  
KEYWORD/ 
VARIAaLE 
m t  
" .- - .- - 
w a r d  o r  
NON-Standard 








. . . . . . . . . .  
OESCRIPTIOX 
Keyword . . . . .  t o   s p e c i f y   o u t p u t  ~~. ___ o p t i o n s .  3 ~" I 
I f  keyword STAYOARO i s  u s e d  t h e  o n l y  o u t p u t  p r i n t e d  i s  
Time H i s t o r i e s .  O m i t  Cards  13.1  through 10.4. 
I f  keyword NON-STAiOARD i s  used t h e  d e s i r e d  o p t i o n s  m u s t  b e  
s p e c i f i e d  on Cards  10.1  through 111.4. 
T h i s  v a r i a b l e  i s  used fo r  check  ou t  pu rposes  i n  the  p rog ram.  
- - .. ,. 
. - -. .... ." - 
1 = 0 fo r   no rma l   p roduc t i on  run. 
I = 1 wil p r i n t   i n p u t   i m e   f u n c t i o n s   f r o m   t h e   a n a l y s i s   r o u t i n e .  
= 2 wil p r i n t   i n p u t   f r e q u e n c i e s   a n d   i n p u t   r e s p o n s e s   f r o m   t h e  
a n a l y s i s   r o u t i n e .  
Card  10.1-Print  Options 
Omit  cards  10.1  through 10.4 if STANDard keyword is used  on  card 10.0. 
Card  10.1  may be repeated  with  different  keywords if more  than  one  nonstandard 















Keyword f o r  p r i n t  o p t i o n s .  
Keyword t o  i n d i c a t e  t h e  d e s i r e d  p r i n t  o p t i o n .  TYPEX must  be  one 
o f  t h e  f o l l o w i n g :  
- TI!.IE - t i m e   h i s t o r i e s   o f   t h e   d e s i r e d   o u t p u t   f u n c t i o n s   w i t h   t h e   t i m e  
h i s t o r y  o f  t h e  f o r c i n g  f u n c t i o n  p r i n t e d  w i t h  t h e  f i r s t  o u t p u t  
q u a n t i t y  o n l y .  
m o l a t e d  - p r i n t  i n t e r p o l a t e d  t r a n s f e r  f u n c t i o n s  used i n  
c o n v o l u t i o n .  
U r a n s f e r  f u n c t i o n s  - p r i n t  i n t e r p o l a t e d  t r a n s f e r  f u n c t i o n s ,  I 
I 
I 
t r a n s f o r m e d  f o r c i n g  f u n c t i o n  a n d  p r o d u c t  o f  i n t e r p o l a t e d  f u n c t i o n s  
and f o r c i n g  f u n c t i o n .  
Note:  ALL T rans fe r   f unc t i ons   op t i on   i nc lude?   14TERpo la ted   op t i on .  
MAXIMum - minimums - p r i n t  maximum and  minimum  values o f  o u t p u t  
f u n c t i o n s  a l o n g  w i t h  t i m e s  a t  w h i c h  t h e y  o c c u r .  
"I. 
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Card 10.2-Selected Output Times  (Optional) 
Omit cards 10.2 and 10.2.1 if the time response i s  to be output at the times at 
which i t  was determined in  the  analysis. 
' " J - m C  







. L _ ~  ". ~" 
DESCRIPTION 
" .. ." .. ~~ 
Keyword i n d i c a t i n g  t i m e  r e s p o n s e s  t o  b e  p r i n t e d  a t  s e l e c t e d  
o u t p u t  t i m e s  as spec i f i ed  by  use r .  
Numbers o f  t i m e  p o i n t s  a t  w h i c h  t h e  u s e r  c h o o s e s  t i m e  r e s p o n s e s  
t o  be p r i n t e d  
(NTPTS S 1024) 
Value o f  A t  w h i c h  u s e r  s p e c i f i e s  a l o n g  w h i t h  NTPTS t o  d e t e r m i n e  
t h e  o u t p u t  t i m e  a r r a y .  
"
T J ( i )  = i * DELTO 
where i = 1. NTPTS 
If  DELTO = 0.0, user must read in  time array on card 10.2.1. 
I 
Card 10.2.1-Time Array  for Output 
COLS. VARIABLE FORMAT 
KEYWORU/ 
11-10 ITJ(1)  17E10.0 T i m e  a r r a y  f o r  o u t p u t  o f  t i m e  r e s p o n s e .  1 
11-20 TJ(2)  
a 
a 




R e p e a t  t h e  c a r d  w i t h  7 n u m b e r s  p e r  c a r d  u n t i l  a l l  e l e m e n t s  a r e  
I I  1 d e f i n e d .  I 
Card 10.3-Plot  Time  History  (Optional) 
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1-10 Keywords t o  i n d i c a t e  t h a t  t h e  t i m e  h i s t o r i e s  a r e  t o  be  saved  for  ~ 1 0  PLOT 
11-20 p o s s i b l e   p l o t t i n g .  (See  tape PLTRES i n  S e c t i o n  6 . 6 . 2 ) .  ~ 1 0  T I M E  
- ~. - " 
Card 10.4-Plot  Function  (Optional) 
1-15 A10 PLOT 
." ~ ~ -~ . -. ~ ~~- , 
. - ~~~ ~. DESCRIPTION . . " ~1~ ~- ~- 
Keywords to  indicate  that  the output  f requency response funct ions are  
to  be saved for possible plott ing.  (See tape PLTRAN in Section 6.6.2). 
" .. ...~ ~. ~~ ~~ ~~ 
Card Set 11.0-End of Anabsis 
COLS. 
I A19 Keyword t o  ind ica te  the  end of d a t a  f o r  t h e  ANAL overlay.  1 Execution i s  r e t u r n e d  t o  L225 (TEV126) main overlay.  1 - " - ~ "" 
Card Set 12.0-End of Program 
c COLS. 1 1-10 S(IUIT I A10 This i s  the  las t  card  input  t o  L225  (TEV126). 








o r  Func t im 
gTrME 
m e  
$SORT 






1 . 1  
1.2 
2 .0  
Begin Sorting of Frequency Response Functions ? 
S I Z E  NRMAX NFREQ  FACTOR 
Characterist ics 




C m o u t  ICKPTl 1 A10,15 1 3.1 I 
I 
O m i t  Cards  4.0 through 4.4 if frequencies and rcsponse 
functions are on magnetic f i l e  
7 Freq. Input on  Cards m e n c i e s  I A10 I 4.0 I 
Frequency Array FI (1)   FI (2)  - * FI(NFREQ) 1 7E10.0  4.1 
w n s e  A10 4 . 2  
Response Functions 
Input on Cards 
~~ 
Repeat Cards 4.3 and 4.4 N W X  times 
FRFR(1)  FRFR(2) * FRFR(NFREQ) I 7E10.0 
" 
FRFI(1)  FRFI(2) * - - FRFl  (N EQ) 




Imaginary Part o f  
I 
I O m l t  Cards 5.0 through 5.2 i f  frequencies and response function; are input on cards 
Magnetic F i l e  Options I NTAPE I SOL NSAVEQ NSAVEL  2A10.315 5.0 
NSAVEL>O; c s  5.0 1 ISAVEL(~) ISAVEL(P) . . ISAVEL(NSAVEL) I 1415 1 5.2 I 
End o f  $SORT ' B E N D  
Overlay 
" 
Requirements Reference Card 1 o r  F u n c t i o n  Card Set (CS) Format  Keywords and/or Var iables 
7" 
I T Begin   Input   o f   Ana lys is P ramet rs  
N y s i  s A1 0 7.0 I 
I Se lec t i on  of FUNCTion TYPEX I A10.A5 
I Time Funct ion I I 
I 
- 
O m i t  Cards  8.1  through 8.3 i f  
TYPEX = E t a n d a r d ;  CS 8.0 I 
Time  Array . . .  T(7)  
8.2 7E10.0 Amp1 i tude  Array AMP( 1 ) AMP( 2 )  * - * AMP(7)  
8.1 1 7E10.0 
I 
Omit Card 8.3 i f  TYPEX # =wave, w i n u s ,  
o r  =one; CS 8.0 1" 1 7  ' F e r i o d  of Time 1 PERIOD 
! Funct ion ~ 
O m i t  Cards 8.4 through 8.5.2 i f  
TYPEX # W t a n d a r d ;  CS 8.0 
Omit Card 8.4 i f  t i m e  f u n c t i o n  i s  






Time Funct ion on 
M a g n e t i c  F i l e  
8.4 2~10,315 - TAPE  NTFT  NFILTF NMATTF 
O m i t  Cards 8.5 through 8.5.2 i f  
t i m e  f u n r t i o n  i s  i n p u t  o n  m a g n e t i c  f i l e  
Time Func t ion  
on Cards 
8.5 A10,15 !y& NTIMES 
I I 
A r r a y  o f  Times 
8.5.2 7E10.0 TFA(1)  TFA(2) * * TFA(NT1MES) Array of Amplitudes 
8.5.1 7E10.0  TFT(1)  TFT(2) . . .  TFT(NT1MES) 
-. 
- 
Requi remen t s  








OPTIOns IPT ION M TMAX DELTAT FMAXO 




Ana lys i s  Op t ions  
Conjugate Response 
Func t ions   (Op t iona l )  
I n t e g r a  t i  on   Se lec tor  
(Opt iona l  ) 
P r in t  Pa ramete r  
Changes ( O p t i o n a l )  
" 
-___ _____ 
- INTEGrate TYPEX I 2A10 9.2 
9.3 A1 0 
- OUTPUt - STANDard o r  ICKPTZ 
NON-Standard - 2A10,15 10.0 Ou tpu t  Spec i f i ca t i ons  
O m i t  Cards 10.1 th rough 10.4 i f  keyword w a r d  
appears  on  Card 10.0. Card  10.1 may be repeated  
w i t h  d i f f e r e n t  keywords i f  more  than  one  non-standard 
o u t p u t  t y p e  i s  d e s i r e d  
~ 





O m i t  Cards 10.2 and 10.2.1 i f  t ime  response i s  t o  be 
o u t p u t  a t  t h e  t i m e s  a t  w h i c h  i t  was determined i n  




10.2 Output  Time S e l e c t i o n  
( O p t i o n a l )  
Output Time Array 
DELTO=O; CS 10.2 
I 7E10.0 10.2.1 
P l o t  Time H i s t o r i e s  
( O p t i o n a l )  
1 2A10 10.3 
P l o t  O u t p u t  Response 
Func t ions   (Op t iona l )  
1 2A10 10.4 - PLOT  TRANS 
End of $ANALysis 
Over lay  
$END - 1 A10 11 .o 
End o f  Program 12.0 
" 
$QUIT A1 0 
- 
6.5.4 MAGNETIC FILES (TAPE OR DISK) 
Optionally,  program L225  (TEV126)  can  read  the  frequencies  and  responses  it  processes 
from a magnetic  file  “NTAPE”.  Card  set 5.0 (see sec. 6.5.2) is used to specify whether 
the  responses  are on  cards  or  on  “NTAPE”,  which is described in  figure 19. 
L225  (TEV126)  may  also read  time  functions  from  the  magnetic  file  “NTFTP’.  Card 8.4 
is used to  indicate  that  the  time  functions  are on “NTFTP’.  See  figure  20 for a 
description of‘ NTFTP”. 
Both of the files must be written  in  the READTPNYRTETP format.’ 
“NTAPE”-Frequency Response Input  Tape 
“NTAPE”  is  a  magnetic  file  (tape  or  disk)  containing  the  frequency-dependent  responses 
to  be  analyzed  by  program  L225  (TEV126).  “NTAPE”  must be written  in  the 
READTP/WRTETP  format.  The  file is usually  generated by the program  L221  (TEV156) 
of reference 5. “NTAPE” may contain several logical files, one for each solution on a 
“STANDARD” tape generated by L221 (TEV156). The contents of a typical logical file 
are  displayed  in  figure  19. 
“NTFTP”-Time Function Input Tape 
“NTFTP’ is a magnetic file (disk or tape) containing the time function used in the 
convolution with the frequency response functions. “NTFTP’ is specified via card 8.4. 
The  file  must be written  in  the READTPNYRTETP format. 
“NTFTP” may contain several logical files and matrices. The file and matrix skipping 
parameters on card 8.4 enable  the  program  to  read  the two required  matrices,  the  array 
of times,  and  the  array of amplitudes.  See  figure 20 for the  contents of “NTFTP’. 
‘Clemmons, R. E.: Programming  Specifications  for  Modules of the  Dynamic-Loads  System 
to Interface  With FLEXSTAB. NASA contract NAS1-13918;  BCS-G0701, September 1975. 
(Internal document) 
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S I Z E  
1 x NFREQ 
1 x NDOF 
1 x NDOF 
1 x NLD 
1 x NLD 
1 x NDOF 
1 x NDOF 
1 x NLD 
1 x NLD 
1 x NDOF 
1 x NDOF 
1 x NLD 
1 x NLD 
I For F R E Q  (1) 
1 for F R E Q  ( 2 )  
1 for F R E Q  ( N F R E Q )  
Where : 
NFREQ = no. of frequencies 
NDOF = no .  of degrees 
freedom 
NLD = no. of loads 
{FREQ) = frequency  array i n  
cycles  per  second 
(Q 1 and {a I /  are  the  real 
an3  imaginary  frequency 
response  function  arrays. 
{ L and, { LII are  the  real 
aa8  imaginary  load  frequency 
response  function  arrays. 
Figure 19.- “ N  TAPE‘-Frequency and Response Input Tape 
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Preceded by 
NFILTF  logical  files 
and  NMATTF  matrices 
S I Z E  
1 X IN  or  IN X 1 
1 x IN or IN x 1 
Where : 
(TFT 1 = gust  time  array 
( TFA) = gust  time  function 
array 
IN d 1024 
The  elements  of  (TFT 1 must 
be  monotonically  increasing 
and  TFAi  must  correspond 
with  TFTi 
NFILTF  and NMATTF are 
described  in  Section 3.5.1 
under  Card 8.4 
Figure 20. -“N TF  TP”- Time  Function  Input Tape 
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6.6 OUTPUT DATA 
L225  (TEV126) generates  printed  output  and,  optionally,  magnetic files (disk or  tape). 
6.6.1 PRINTED  OUTPUT 
Each  time L225  (TEV126) is  executed,  the  following  items  will be printed: 
A  one  page block indicating  the  program  name  and  version  plus  the  current  date 
and  time 
All  card  input  data  plus  interpretive  comments 
Execution  control  data  generated by the  program 
Solution  frequencies  after  being  scaled  according  to  card  input 
Time  histories 
A  one  page block indicating  that  the  program  execution  has  ended. 
In  addition,  the following items  may be printed if requested by card  input. 
e 'Changes  made  to  the  program  control  parameters TMAX and DELTAT  (see 
card 9.3) 
e Interpolated frequency response functions used in the couvolutions (see card 10.1) 
e All frequency functions: the interpolated frequency response functions, transformed 
input  time  functions,  interpolated  output  frequency  response  functions,  and 
interpolated  input  time  functions (see card 10.1) 
e The times at which minimums and maximums are attained 
For  checkout  purposes,  two  other  print  options  are  provided: 
e Card 3.1 requests the printing of intermediate data in SORT-the sorting overlay 
(L225,1,0) 
e ICKPTZ of card  set  10.0  requests  the  printing of intermediate  calculations  in 
ANAL-the  analysis  overlay (LZ25,2,0) 
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6.6.2 MAGNETIC FILES (TAPE OR DISK) 
Optionally,  L225  (TEV126)  will  write  two  magnetic  files  containing  plot  data: 
“PLTRES” and ‘‘PLTRAN’. 
Card  10.3  is  used  to  request  the  preparation of the file “PLTRES’  containing  gust  time 
functions  and  output  time  responses  (see fig.  21). 
Card 10.4 is  used  to  request  the  preparation of the  file  “PLTRAN”  containing 
transforms of the  output  convolutions  (see fig.  22). The two files are  both  written  in  the 
READTP/WRTETP  format. 
Both the  gust  time  functions  and  the  output  time  responses  are  written on file 
“PLTRES”  if  requested by card  10.3.  “PLTRES”  will  contain  alternate  arrays of 
independent  and  dependent  variables  suitable for plotting. 
The  absolute  values of the transform of the  output  convolutions  are  written on 
“PLTRAN’ if requested by card 10.4. “PLTRAN”  will  contain  alternate  arrays of 
independent  and  dependent  variables  suitable  for  plotting. 
6.7 RESTRICTIONS 
The  limitations placed  on input  variables  are described  in  detail  with  each  data  card  in 
section  6.5.2.  The  primary  restrictions  are  summarized  in  the following listing. 
SORT  overlay  must be  executed  before  execution of the overlay  ANAL. 
Maximum  number of input  response  functions  is  100. 
Maximum  number of times  and  amplitudes  used  to  define  a  standard  time  function 
is 100. 
“NON-STANDARD”  type  time  function  may  be  defined  with  up  to  1000  time 
points. 
Maximum  number of time  points at which the time histories can be printed 
is 1000. 
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S I Z E  
1 x "  
1 x "  
1 x "  
or 
1 x NTPTS 
1 x "  
or 
1 x NTPTS 
1 x "  
or 
1 x NTPTS 
1 x "  
or 
1 x NTPTS 
Where: 
TI = time array 
FT = time function array 
TJ = time array 
X = convolution time 
response 
MM 4 1024 
NTPTS I 1024 
b T  1 
E 1  } Convolution N . 1 
( X I  
Repeated  for 
each Convolution 
- NOTE: This  same file structure is repeated for each analysis 
PLOT TIME is requested on 
Card 10.3. 
~ l l  output files (other 
than print) :ire written 
with sullruutine WRTETP. 
if 
Figure 21.-"PL TREY-Fi le of Time Responses for Plotting 
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SIZE 
l x "  
1 x "  
1 x "  
1 x "  
l x "  
1 x "  
{ F l  
b l  
{ABSX) 
(ABSX) 
( F l  
(ABSX 1 
-EOF- 
W h e r e :  
F = f r e q u e n c y  a r r a y  C o n v o l u t i o n  
N o .  1 
ABSX = t r a n s f o r m  of t h e  
c o n v o l u t i o n  C o n v o l u t i o n  
N o .  2 
MM 5 1 0 2 4  
h l l  o u t p u t   f i l e s   ( o t h e r  
t h a n   p r i n t e d )  are w r i t t e n  
w i t h  t h e  s u b r o u t i n e  WRTETP. 
Repeated for 
e a c h  c o n v o l u t i o n  
I 
/ 
NOTE: T h i s  same f i l e  s t r u c t u r e  i s  repeated for e a c h   a n a l y s i s   i f  
PLOT TRANS is request4 on C a d  Set 10.4.  
-
Figure  22.-"PL  TRAN"-File of Response Frequency  Functions for Plotting 
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6.8 DIAGNOSTICS 
All errors detected by the  program L225 (TEV126) will cause the  program  to  print a 
diagnostic  message.  These  messages are self-explanatory.  The  first  line  printed  is  in  the 
format: 
* * * * * * * * FATAL  ERROR nn  name 
where  nn  is  the  error  number (from 1 to  17),  and  name  is  the  name of the  routine  in 
which the  error  was  discovered. 


















Premature end-of-file was  encountered  in  the  card  input  file. 
Keyword is  not  appropriate. 
NFREQ  (number of frequencies)  must  be  between 1 and 250. 
NRMAX (maximum  number of responses)  must  be  between 1 and 100. 
FACTOR (frequency  scaling  factor)  must be greater  than zero. 
Data  or  option  falls  outside  the  permissible  range. 
ISAVEQ(i) (array of Q’s to be saved) and ISAVEL(i) (array of loads to be saved) 
must  fall  inside  the  range: 
O<ISAVEQ(i) s NRMAX 
O<ISAVEL(i) =s NRMAX 
FUi) (array of frequencies)  must be increasing  in  magnitude  FI(i+l) > FI(i) 
Error  returned from subroutine  FETAD,  error  with  file  “NTAPE”. 
Error  returned from subroutine READTP  (see  READTP error codes  which  follow). 
Matrix  read  is  not of the expected  size. 
Error  returned from subroutine WRTETP (see WRTETP error codes  which  follow). 
Field  length too short. 
Error  returned  from  subroutine  INITAL *. 
Error  returned from subroutine  TFRESP *. 
Error  returned from subroutine CONVOL * 
If  FHARM  (maximum  frequency) is nonzero, then DELTAT  (time  increment)  must 
be  zero, or vice versa. 
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6.8.1 READTP ERROR CODES 
I R R = O  No errors were  detected. 
= l O O O + i  End-of-information  was  encountered after skipping  (NFILES-i)  files 
of the  “NFILES’  files  to  be  skipped. 
= 2  Number of matrices  to be skipped (NMATS) was l ea  than zero. 
= 3000+i End-of-file was encountered after skipping (2 * N U T S - i )  records of 
the (2 *NMATS)  records t o  be skipped. 
= 4  NROWS > NROWD, where  NROWS is  the  actual  number of rows in 
the  matrix  being  read,  and NROWD is  the dimensioned row size of 
the  array  in core. 
= 5  Name  check  fail d. 
= 6  Either NROWS  *NCOLS = 0 or NROWS  *NCOLS is  greater  than 
the allowable buffer size. NCOLS is the column size of the matrix 
being  read. 
= 7  End-of-file was  read  where  the  matrix  was  expected. 
6.8.2 WRTETP ERROR CODES 
IRR = 0 No error  was  detected. 
= lOOO+i End-of- information was encountered after skipping (NFILES-i) files 
of the  “NFILES’  files  to  be  skipped. 
= 2  Number of matrices  to be skipped (NMATS) was  less  than zero. 
= 3000+i End-of file was encountered after skipping (2 *NMATS-i) records of 
the (2 *NMATS) to be skipped. 
= 4  Either NROWS  *NCOLS = 0 or NROWS *NCOLS  is  greater  than 
the  allowable  buffer  size. 
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7.0 SAMPLE PROBLEM 
7.1 PROBLEM DESCRIPTION 
The  sample  problem  presented  in  this  section  is a symmetric analysis of a large 
transport airplane. Two rigid body degrees of freedom, vertical translation and pitch, 
plus  six  elastic  degrees of freedom  constitute  the  eight  generalized  coordinates.  Eleven 
load responses were considered, three wing shears, three wing bending moments, four 
wing  accelerations,  and  the  airplane  acceleration at  the  center of gravity.  Retained for 
the  sample  problem  were  the  pitch  and first elastic modal  response CQ’s 2 and 3), and a 
wing  acceleration  response (L 10). Frequency  response  functions  were  calculated a t  210 
frequency  values.  The airplane  was subjected  to  a  one-minus  cosine  wave of unit 
amplitude,  having a period of 0.82 sec. 
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S T I M E  H I S T U K V   A N A L Y S I S  
S T I T L E   L 2 2 5 l T E V l 2 b l  OUCUHENT  SAMPLE  ROBLEM. 
I T I I L E  
S T l I L E  
SSORT FREUUFNCY  HESPONSE  FUNCTIONS 
I T l T L E  RESPONSE  FUNCTIONS 18 GEN. COOHO. A M I  11 LOAOSI. 
ST lTLE  STANUAKD  INPUT  TAPE FROW L 2 2 l l l E V l S b l   C O N T A I N S  19 FREQUENCY 
S T l T L E  THE ZND AN0  3RD  COOROINATE  R SPONSES 
S I Z E  
$ T I T L E  AN0  THE IOTH LOA0 RESPONSE Y l L L  BE RETAINED. 
F I L E  I R T A P E  
I 1  210 1.0 
2 3  
1 2 1  
10 
I A N A L Y S I S  OF TRANSFER F W C I I O N S  
SEN0 SORT OF FKEPUENCY  RESPONSE  FUNCTIONS 
0.0 




OPT I '.INS b 103.0 0.0 0.0 
I N T E G R A l E  COWPLEX 
15.0 
PRINT  CHANGE5 I N  C O N I R W  OATA 
O U I P U T  NON-STAND. 
P R I N T  T I M E  H I S T O R I E S  ' 
P R I N T   A L L   I A N S F E R   F U N C T I O N S  
PRINT  MAXINUNS AN0 M I N I N U N S  
SELECT 
SEN0  ANALVSIS 
100.03 
$QUIT TIME HISTUKY PROGRAW 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PRUGRAM L225t13  VERSION 7 6 / 0 9 / 2 0  
B E G I N N I N G   E X t C I I T I ~ I N  ON THE B C S  0600. 
UATE OF RUN IS 7b111/03. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
rlnE OF RUN I S  1 2 . 3 2 . 2 4 .  
O T I H E  H I S T O H Y  ANALYSIS 
( I T I T L E  
I S T I T L E   2 2 5 1 T E V l 2 6 1  DOCUMENT SAMPLE PROBLtW. 
I I T I T L E  
( ISDHT  FPEQUENCV  RESPONSE  FUNCTIONS 
Y 
-""" 
RESPONSES TO BE ANALYSED B Y  ANAL . S O R T  HAS BEEN  ENTEREU TO S O R T  FREQUENCY 
I S T I T L E  STANUARO  INPUT  TAPt  FROM LZZllTEV15bl C O N T A I N S  19 FNEQUENCY 
( $ T I T L E  THE 2NU  AN0 3110 CO[lROINATE  R SPONSES 
I S T I T L E  RESPONSE FUNCTIONS ( a  GEN. COCRO. A ~ O  1 1  LOAOSI. 
ISTITLE AND THE IOTH LOAO RESPONSE n l L L  BE REIAINEU. 
( S I Z E  I 1  210 1.0 
THE MAXIMUM  NUMBER  OF  INPUT  RESPONSES I S  I 1  
THE  NUMBER OF INPUT  FREQUENCIES I S  
THE  FREOUENCV  SCALING  FACTOR IS I .  0000 
210 
F I L E  I R T A P E  1 2 1  
THE RESPONSES M I L L  BE R E A 0  FROM I R T A P E  
THE  SOLUTION TO B E  SORTEO IS NUMBER I 
THE 2 a-s TO BE RETAINED FOR ANALVSI s ARE 
2 3  
THE I LOAOS TO BE R E T A I N E D  FOR ANALYSIS ARE 
10 
THE CURRENT FIELO LENGTH IS 115000 
THE REQUIRED F I E L D  L E N G I H  I S  055421 
THE FREOUENCIES YRITTEN ON SRTFRP 













.1790E t o 1  
.1989E+Ol 





. 3183E*Ol  
. 3 3 8 2 E + O l  
.358lE*Ol 




















AFTER BEING  MULTlPLIEO BY A FACTOR OF 1.0000 
L I E N U  SORT CF FREPUENCV  RESPONSE F W C T l G k S  
ISANALYSIS OF TRANSFER FUNCIIONS 
( F W C T   I O N   S I N E  UAVE 
rnE TINE ARRAY I s  
0.  .8200f+00 0. 0. 0.  
THE A N P L I  TUDE ARRAY IS 
.1000E*Ol 0. 0 .  0.  0. 
PERIOD OF T l n E  FUNCTIWS I S  . ~ Z O O E + O O  
1 OPTIONS 6 103.0 0.0  0.0 15.0 
o P r I w  sulrcn IIP~IONI 
rnE S E L E C T E D  ANALYSIS OPTIONS ARE 
I MI = LO 
- 6  
MAXIHUM 7 INE RESPONSE . ( T N A X I  .3000E+01 
TINE INCI(EUENT ( D E L T A T I  
MAXIMUM FREQUEBCY  (FHARNl 0. 
- 0. 
HAXINUN  FREQUENCY IFNAXOI = .1500E+02 
( P R I N T  CHANGES I N  C(XITR0L OATA 
4 lNTEGRATE  CUMPLEX 
( P R I N T  TINE H I S T O R I E S  
(OUTPUT  N N-STANO. 
(PRINT  ALL  TRANSFER  FUNCTIONS 
I P R l N T   M A X I M U U S  AND MINIMUMS 
t SELECT 
t SEND ANALYSIS 
100.03 
SUBROUTINE  QUAL 
TNAX CHANGE0 FROM .300000E+01 TO 
I 
0.  0 .  
0 .  0 .  
1 
. 2 9 9 b B S E + O l  . 
t X € C U T I U N  CUNTRUL OATA CENERATtO B Y  IHE PKOCRAM 
FREQUENCY INCREMENl  IO LTAFI = . 7201576E-O1 
MAX. FREdUFNCY IFMAXLI  = 
MAX. FFT  FREO. 
. 1 5 9 1 5 4 8 E + 0 2  
IFHARMI = . 7374414E+O2 
MAX. INPUT  FRE4.  IFMAXOI = 
TIME  INCR MENT I O E L I A T J  = 
. 1 5 9 1 5 4 8 E + 0 2  
NO. OF INPUT FREO INFREOI  = 210 
.1356040E-01 
NO. OF T I M E  P O I N T S  IMMJ = 2 2 2  
NO. OF IlME INTERVALS  (NNI  = 2 2 1  
ELEMENTS I N  ARRAY 1FT I I N 1  = 
ELEMENTS I N  ARRAY X I N  J = 1 0 2 4  
0 
NO. OF FREO. POINTS INPOINII = 2 1 0  
* * * * * * * * + + * * * * * *  
CONVOLUTION NUMBER I * 
* * * I * * * * * * * . * * * *  












1 2  
13 
1 4  
1 5  
10 
1 7  
1 8  
19 
20  









2 9  
30 
3 1  
32 
33 
3 4  





4 0  
4 1  
4 2  
43 
4 4  
45  
4 6  




. 2 1 6 0 4 7 € + 0 0  









. lUCU22€+01 . O ) b Z C S E t O C  
. 1 I S Z Z 5 C t C l  
. l Z Z z 2 7 E + O l  
; LL96ZOE*01 
;136C3OEt?l 
, 1 4 4 0 3 2 € * 0 1  
. 1 5 1 2 3 3 E + 0 1  
. L > 8 4 3 > E t 0 1  
- 1 6 5 6  ILE 0 I 
.180039E+01 
. l l Z H 3 8 E + O l  
. 1 9 7 2 4 1 E t 0 1  
-174443EtO 1 
. 2 0 1 6 4 4 E t 0 1  
. L O R U + t E t O l  
.216047E+01 
. 2 ? 3 2 4 9 E t 0 1  
. 2 1 0 4 5 0 t ~ 0 1  
. 2 3 7 t 5 Z E t 0 1  
.244R54EtOI  
. 2 5 Z O S 5 E t O l  
. 2 > 9 2 5 7 E t 0 1  
. 2 6 6 4 5 8 € + 0  1 
. 2 7 3 o b L E t 0 1  
. 2 8 0 3 o l E t 0 1  
. 2 8 U G b 3 t t U l  
.2452h5F+31 
. 3 % ? C 6 L E t U L  
.3096bBE+01 
. 3  166b9L t C  1 
. 3 2 4 0 7 1 € + 0 1  
. 3 3 1 L l 2 t + 0 1  
. 1 J e o z 4 E + o l  












































































- . 2 3 9 > 5 n ~ - o 5  
. 8 y a 7 j 7 € - 0 6  
- .11aa19~-05 






. 5 1 0 2 7 1 f - 0 6  






- .102785€-05 -. r : 0 9 0 7 ~ - 0 6  
-.715977E-06 
- .931 lb7E-06 
TRANSFORM OF THE GUST 
IMPULSE 1 IME FUNClIUN 
TFRF 
REAL lHAGINARY 
TRANSFORM OF THE 













- 4 7 4 2 6 2 i - 0 4  
a214441C-54 
- 9 2 t 2 5 3 E - 0 5  
.ZLJ474E-C6 
-.340439E-05 
a b b 2 6 9 3 t - 0 5  
a338450E-34 
.333602 i -04  













- . 5 5 2 4 9 4 E p 6  
- . 1 0 8 e 0 2 ~ - 0 6  
-.176333E-07 
.V5 lS i4C-O8 
-. 159347f -06  
-.43538~aF-C6 
- . 3 1 4 3 1 G i - S b  





- .205CL5E-f lb 
-.IblbOLt-06 
-.2224VGE-Ob 
I MAGI NARY 
-.411152E-J4 
.847630€-10 
-. S953 ?+E-04 
.39499aE-34 
. 1 4 1 4 i l E - J 3  
.128115E-J3 
.EZ23*Lt -d+  
. 4 4 6 i l o E - S +  




. 3 6 5 1 3 l t - 2 5  
.1&419GE-04 
-.17171dE-Q+ 
- 1 2  l bCSE- j*  
-.233421'-34 
- . Z b 4 l L 9 t - d 4  
-.1767.J*E-G4 
- . 1 2 j 3 ~ l L t - J +  
- .7d l3sac-c5  
- .4449c5€-35 -. 1 9 7 b 9 6 t - d S  
- .340>4cc-36 
. 6 3 4 5 l t t - J o  . l C G 9 5 5 C - O b  
. 1 0 ~ 5 u Y t - J 5  




. 1 8 3 3 1 3 t - v 0  
- . 3 6 d j > a i - 3 7  
- . 2 8 h 4 7 € - u b  
-.+129dt.t-Oo 
- .42*1+1L-Jo 
- . 3 5 0 5 $ 1 E - J 6  
- . 2 4 L Y l o i - J b  -. 1 ~ 0 L i l 4 E - 3 6  -. 137971  E-3d 
.5919$2t -07  
.905516E-J7 
. 123b5tE-Oa  
.152723€-26 
.15975*t- l Io 
48 






5 4  
56 
5 8  









6 7  




7 1  
7 3  
7 4  





8 5  




8 5  
8 6  




9 1  
92 
9 3  
9 4  
95 

































.225673t -05  
.212030E-O5 


















. l l5108E-05 
-117878E-05 
.10967SE-05 
. l l2426E-D4 
-107000E-05 














-.114145E-05 -. 775104C-06 





- . l lt lb26E-05 
-.11424LE-05 















- . 8 3 7 l l l E - 0 6  
-.822359€-06 
-.80b502€-06 
- . 7 8 6 5 6 4 € - 0 6  























-.220044E-03 -. lb752bE-02 




























- . l Z Z L 0 0 € - O L  
-.346362E-03 
- . z l a 3 0 4 ~ - ~ 3  
























1 1 2  
1 1 3  
1 1 4  
1 1 5  
1 1 6  




1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2 5  
1 2 6  
1 2 7  
1 2 8  
1 2 9  
130 
1 3 1  
132 
1 3 3  
1 3 4  
1 3 5  
1 3 6  
1 3 7  
1 3 8  




1 4 3  
1 4 4  
1 4 5  
1 4 6  
147 
149  
1 4 6  
1 5 0  
1 5 1  
1 5 2  
1 5 3  
L 54 
1 9 s  







. 7 6 3 3 6 7 € + 0 1  
. 7 7 0 5 6 9 E t 0 1  
.784972E+C1 
- 7 7 7 7 7 0 E t O l  
. 7 9 2 1 7 3 E t O l  
. 7 9 9 3 7 ~ t 0 1  
.LiOb57oE+Ol 
. 8 1 3 7 7 6 € + 0 1  
.UZ09JOCt01  
. O ~ ~ ~ B I E + O I  
i 8 3 5 3 P 3 E t C l  
. a 4 ~ 5 9 4 ~ + 0 1  
.049785E+Ol  
. a 5 6 ~ 6 ~ + 0 1  
. a 6 4 1 8 Y E t O l  
. a 7 ~ 3 9 ~ ~ t o 1  
. 8 7 8 5 9 2 E t 0 1  
. 8 0 5 7 3 4 € * 0 1  
. 8 r L 9 S z E t 0 1  
- 9 0 0 1 9 7 E t 0 1  
. 9 0 7 3 9 9 E t 0 1  
. 9 1 4 6 0 0 E * J l  
. 9 2 1 8 3 2 t t C I  
. 9 2 3 0 3 3 € + 9 1  
.,'9J62J5C+Ol 
.P43436t   t0 .1  
. 9 5 0 ~ 0 0 E + O l  
. 9 5 7 d 1 0 t + 0 1  
.972213EtOL 
. 9 b 5 0 1 1 E t U l  
. 9 7 9 4 1 4 E + O l  
. 9 9 3 8 1 7 € + 0 1  
.9d661bE+Ol  
. 10irlJZEt02 
. 1 0 C 8 2 2 ~ r O 2  . I J 1 5 4 2 f t 0 2  
. lOZ' i33Et02 .102262t+O2 
.103703F+02 . l 5 4 4 2 3 E + 0 2  
.105143E+02 
.105863E+02 . LOb503€+02 
.1073d3E+OZ . l O f 3 O Z 4 E t 0 2  
.1067'+4E+02 
.109454F+112 
-110 1 8 4 t   t 0 2  
. 1 1 9 9 U 4 t t 0 2  
111624F+02 
.113065C+02 
















































.32 f l002€-06 
.322LG(ot-06 
.310612E-06 
. 3 1 6 4 0 9 t - 0 6  
-305602E-36 











































-.200101E-06 -. 116742E-06 
-.19jJEZE-U6 
- . 190323E-06  
-.106663C-06 
- .183334f -06  
-.179944E-Cb -. 170585E-06 -. 173225E-06 
-.1693bLE-Ob 
-.166501C-06 













- . 6 5 9 4 5 3 € - 0 2  

































































- . 2 ~ 5 1 7 7 € - 0 2  
-.217319E-02 






. 2 1 4 7 6 a ~ - o z  
. ~ O N E ~ E - O Z  
. lb6311E-02 


























1 6 1  
162 
I 6 3  
164 
I 6 5  
166 
I 6 7  
108 
I 7 0  
169 





1 7 6  
177 
178 




1 8 4  
185 
186 





I 9 3  
192 
1 9 4  
1 9 5  
190 
197 
1 9 9  
2 5 1  
200 
202 








2 1 1  







. l l 6666E+02  
.117396E+02 
.118106E*02 





. 1 2 2 4 2 7 i + 5 2  
. I i 3 9 5 7 E t 0 2  I 2 3 1 4 7 E + 0 2  




. I L b 9 J J E + J 2  















. 1 4 0 4 3 1 € + 0 2  
.141151€+02 
.141971E+02 
.142591€+02 . I 4 3 3 1  l E + O Z  
.1447>LEtCZ 
.1'+4032E+O2 
. 146192EtCZ . 14547ZEt02 
- 1 4 7 b 3 2 E t 0 2  
.146912E*02 
.14€352t+O2 
- 1 4 9 0 7 3 E t 3 2  . 149793EtCZ 
. 1 > 1 9 > 3 t * O L  














- 2 4 1  155E-06 
.24!+299E-06 
.234POh€-U6 


























- 1 6 4 7 3 9 t - 0 6  















. 1 7 7 1 7 ~ - 0 6  
.15355nt -06  
-.149016€-0b 
-.146582E-06 
















- . I  l O ~ 7 0 E - 0 6  
-.112275E-06 
-. I03664E-06 
.- . lUb95OC-O6 
-.105353€-06 








- . 9 i b ? I l E - 0 7  
-.89941LE-07 
- .385762€-07 




- . 1 u 3 5 9 1 ~ - 0 6  
- . ~ Z ~ ~ Z ~ E - C I  
- .817105€-01 





-. 142,)o3E-O7 - .75218 l t -O7 
-.731343E-U7 



















- . IO l03JE-02 -. 1 1  795FE-UZ -. 1 lb ' l55C-02 
- . I U l I Z 6 € - 0 2  
- . 3 4 0 3 * 9 € - 0 3  
. 7 ~ 7 5 2 9 E - 0 4  
.+73>E3€-33 
.737323L-!J3 
- . 7 2 0 r n 3 ~ - 0 3  







- . 595505€-03  
-.8 1758lE-(13 
- .961453€-03 















- . 8 3 0 1 4 : ; - J 3  
- .75402t i t -33 
-.7875YVE-03 
















EX1,RAPOLATION REQUIRED FOR e 1 TJ S. 
-.119485E-OZ -703343E-03 
-.915521€-03  -139106E-03 
-.115707€-09  -174536E-09 
-.644551€-03 .614585E-03 - -4ZlZZ4E- lO .131121t-09 
-.417258€-03 .520508E-03 --216901E-10 .948812€-10 
- . Z b 2 3 0 0 E - 0 3  .299C37E-03 --1527bCE-lO -553341E-10 
-.198344€-03 -424730E-04 --22623SF-10 .177277E-10 
-.230990E-03 -.215005E-03 -.424214E-10 -.131137E-10 














I 4  
1 3  
15 
16 




2 2  
21 
23 

















4 1  
42 
4 3  
44 
4 5  
46 







TIMES TJIJJ RESPONSE FUNCJION* X(J1 
0 .  
.3300000E-01 
.9000000E-01 
.12000COE+00 . lS000COE*00 
.18noccoEtoo  
. 2 1 0 0 0 ~ 0 ~ + 0 0  



















. 8 l ~ t J 0 0 0 E + 0 0  




















.15000CCE+Ol . 153(1i)(;OE+fll 
.15b000SE+OL 



































-.593902YE-04 -. 5274560E-04 
-.445818bE-04 
-.3499243E-04 




















1 1  









2 1  
2 2  
2 3  
'2 4 
2 5  
2 7  




3 1  
3 2  
33 







4 1  
4 2  








5 1  
5.2 
53 




5 5  




5 9  
6 1  




6 7  
6~1 




7 1  
7 3  
7 5  
7 4  
7 6  
7 7  
7 8  
7 9  
00 
81 
8 2  
0 3  
64 
8 5  
6 6  
6 7  
00 
9 0  
69  
9 1  
9 2  
93 
9 4  
9 5  
9 7  
96 
9 8  











.10330CJE+Ol . lRC,U3CJE+OL . l C 7 0 U C I l E t 0 1  
.19200COE+Cl 







. 2 I V 0 0 0 d f + 0 1  
.222OOCOE+01 
.22500CCE+01 
. 22800C3E+Ol  
.23100COE+Cl 









. 2 6 4 0 a G u i + C I  
.Zb7JOC3E+Ol 





. 2 8 S O O C O E + O l  




. 303C0CaE+01  













. 6 7 7 ~ 7 1 3 E - 0 4  
.C4b8SlLE-04 






. C 4 2 0 6 4 5 € - 0 4  
-6671Lb7E-04 
.6943617€-04  
.72 IC01 4E-04 












.4514714t -04  
. 4 3 9 C l 5 2 E - O 4  
.3U9329tlE-O4 
.34 I L Bo5E-04 
.29be241E-04 
.2570687€-04  
. Z Z L 5 S V G f - 0 4  
- 1 9 5 7 5 3 S E - 0 4  
,170b453E-04 . 1 > 3 1 8 1 Y E - 0 4  . 1407341E-04 
54 
5 5  
56  
5 7  
5 8  
5 9  
6 0  
61 
. 6 2  
6 3  
6 5  
b4 
66 
0 7  





7 3  
74 






0 1  
8 2  
8 3  
8 4  
6 5  
0 6  
8 7  
88 
8 9  
9 0  
9 1  
9 2  
93 
9 4  
9 5  
9 6  
9 7  
9 c  
I00 


































































































































0 .  
0. 
0 .  
0 .  
0.  
0 .  
0 .  
0 .  




0 .  
0. 




















































































































0 .  
0. 
0. 











0 .  
0. 
0. 













222 .2996848€+01 0. 
.9495850€-04 AT TIME 
-.1273199~-03 A T  TIME 
.1680000E+Ol 
.5700000E+00 
* * * * * * * * * * * * * * * *  
CONVOCUTlON NUHBER 2 
























2 3  
2 5  
2 4  
2 7  
26 
2 8  
29 
30 
3 2  
3 1  
3 3  
35 
3 4  
3 6' 






4 3  
4 4  
4 5  
4 7  
46 
FREQUENCY INTERPOLATED  INPUT'FREUUENCY 
F R F  
































. 1 3 2 J 4 2 € + 0 0  





.2 lbf l5 lC+00 









. 9 1 v a 9 ~ - 0 1  
TRANSFORfl  OF  THE GUST 
I f lPULSE 1 IME  FUNCTION 
T  FRF 
IMAGINARY 
TRANSFORM OF THE 













- 2 J 9 9 1 6 i + C O  
-.394511Et30 








- . 415434 ' tCG 






- . 2 7 4 s j l [ - ~ l  
- .4we25--01  
















- . l E 4 C + L E - 0 2  
I K A G I  NARY 
4 8  
50  
5 1  
5 2  
5 3  
54  
5 5  
56 




6 1  
6 2  
b 3  
b4  
6 5  
b b  
6 7  
b9 
69 
7 0  
7 1  
7 2  
13 
7 4  
7 5  
16 
7 7  
7 8  
79 
8 0  
81  
8 2  
8 3  
85  
8 7  
86 
88 
9 0  
8 9  
9 1  
9 2  
9 3  
9 4  
95 
9 6  
97 
100 
9 9  
10 I 
103 
1 0 2  
e 4  
9 a  
.338474€+01 





- 3 8 1 6 9 4 E t 0 1  
. 3 0 e ~ o 5 ~ + 0 1  
.JSbUUTEtOl 
. 4 0 3 2 8 8 E t O l  
, .41169LEt01  
.4104Y@E+Ol 
.432095E+01 
. 4 2 4 9 9 3 E t 0 1  
- 4 3 Y 2 9 6 t t 0 1  
.453LWf t o  1 
. 4 4 0 4 5 6 E + 0 1  
-4bRlOLCt31 
. 4 6 0 9 0 l t + 0 1  
. 4 8 2 > 0 o E + 0 1  
.475304EtOl  
. 4 t 9 l J l E + 0 1  
. 5 0 4 l l C E + 0 1  
.49o?O?E+Jl  
. 5 1 8 5 1 3 E t 0 1  
.511312C+Ol  
. ,52571SCtOl 
. S J 2 9 1 7 E t 0 1  
' .543118€+01 
.54732GIl+Ul 
- 5 5 4 5 2 1 E t 0 1  
. 5 b l 7 2 3 E t O l  
.5bR924E +O 1 
. 5 7 b 1 2 b E t 0 1  
.5Y332OftOl  
. 5 9 0 5 2 9 E t 0 1  
.604932E+01 
. 5 9 7 7 3 1 € + 0 1  
- 6 1 2 1 3 4 E t 0 1  
.bL933uE+31 
. 6 2 6 5 j 7 € + 3 1  
. 6 3 3 1 3 9 € + 0 1  
- 6 4 0 9 4 C E t 0 1  
.64814;Ct01 
. 6 5 5 3 4 3 E t 0 1  
. 6 6 2 5 4 5 E + q l  
. 6 6 9 7 4 l E t 0 1  
. 6 7 o V 4 J E t 0 1  
. 6 8 4 1 5 ~ t * O l  
.691351F+Ol  
. 7 L > 7 5 4 C t J l  
.bSFI553E+01 
* 7 I Z S > L t t O l  
.72315PEt01  . r27J'><lf t l l  I 









- -903Y13€-02  







- . 1 2 1 > 5 b E - O 1  





- . 1 0 7 3 ~ 3 E - 0 2  
- .2055JGt-02  
- .523710t-02 
- . l ~ I 4 5 1 o t - 3 2  
- .122230E-01 
-. 1 0 2 8 6 9  E-0 1 
-.133991E-01 
-.130432E-01 
- .13b757t -01  
-.116314E-01 
-.95bG78E-02 
- .721759€-02  


















- . IY523Gf-~I i  
- .03L903t-03 
-.L731L7t-O3 








-. 10735CC-CZ - - 6 5 0 1 9 4 c - 0 3  
-.109$51C-32 
- . l & A O O : E - S Z  
-.5110142t-Cj3 
- .127JL7t -02  
--lOBl?7E-U2 
- . 5 9 7 1 Z ~ C - 3 3  
- .372231t -33  
- . lE9$35E-03 





- . Z j 2 4 : ? t - S 3  
- . l b ? 2 5 9 i - 3 3  
- . 3 2 2 l o j E - 3 3  
- .36679jE-03 
- .3&8726€-33  
- . 3 1 5 ~ 4 2 F - O 3  
- . 3 3 J b 2 3 E - d 3  
- .2U;Z / L E - 0 3  
- . 2 1 5 1 0 1 E -  3 
- .8~ ' ,SObc-J4  
- . 1 4 6 1 u j i - ~ 3  
- .351$31t -04  
- .407199E-J5  
.R48227t -05  




- . l l b 4 7 7 i - 0 3  
- .143>J4E-93 
- . 1 > 3 5 Z i E - J 3  
- . 1 5 J 2 1 3 t - ' l 3  
"142465E-33 
- . 1 2 2 4 3 7 t - 0 3  
- . L W l l 4 € - 3 4  
-.S6727*E-04 
- . e 4 3 : z s ~ - o 3  
-. 775'C:E-CS 
- . 4 L J C 4 7 E - C , 4  
- . 5 4 o ~ J o E - 0 5  
- .Z10cl t , t -24  
. 1 4 6 ~ 2 7 t - b >  
. 1 1 2 5 > Z t - 0 5  
-.LIL>'.t!7F-O5 
1 0 5  
104 





1 1 2  
111 
113 
1 1 4  






1 2 1  
122 
1 2 3  




1 2 8  
129 
130 
1 3 1  
132 










1 4 3  
144 
1 4 5  
146 
147 
1 4 8  
I 4 9  
150 




I 5 5  
150 































. 9 6 5 0 l l E + 0 1  
.972213E*Ol 
.979414€+01 
. 9 8 6 6 l b E + 0 1  
.993617E+01 
.10013ZE+O2 
. 101542€+02 .10UB2LE+02 






.137333E+02 . I JC024Et02 . l d E 7 4 4 € + 0 2  
. I 1 0 1 8 4 C + 0 2  .109sb4E+52 
.1109'34E+02 
. 112345€+02 
. I l>C6'>F+OL 
.11376:L+O2 
, 8 2 0 9 J 3 € * 0 1  
. ~ W Y Y ~ E + O I  






. l 1 0 5 6 0 i - O 1  
-105229E-01 


















- . j l t .027€-02 





- . 5 9 > 5 ~ a ~ - o z  




- . 4 4 3 b 4 S E - 0 2  
-.4273'3Oll-O2 
- .41>443E-02 
.-.401 l b9E-02 
-.350137E-02 
-. 3 70 72 I E-02 
-.3CL027€-02 









































































































- . i 4 0 3 2 3 t - 3 2  
-.245177E-02 
-.2173lYE-J2 




~ 0 1 4 3 t c E - 0 3  
.1<?6275C-*J2 
.214766E-JZ 
- 2 5 3 9 6 7 t - 3 2  . lLb0 I I c-02  





- . ld30b2i-OZ, 
-.1b4320E-JZ 
- . lLu491€-32 
-.120ZOIE-02 
-.615L9+E-53 












- . l 4 b 3 4 4 r - u 2  
- .127J t3L-J2  










- . Z U 3 4 8 4 C - C 4  
- .449643 i -J4  
-.131249E-04 
. L C C 7 5 6 E - 0 5  
.25b0>5€-05 
.65S001E-06 
-.367123E-G5 -. 9d71,53E-,15 
- .166 i93€-04 
-.291617E-J4 
- .235c>1t -04  
-.343565€-04 
















- . lo5721  -u4 





- . 1 1 3 ~ 3 6 € - 0 4  
- . 4 6 2 i 3 ~ € - 0 5  
-.42OZUbE-J6 
- . 2 C 5 ~ b l E - J 5  
-.LS7EZ2E-Ob 












1 6 3  
1 6 2  
1 6 4  








I 7 3  
1 7 4  
1 7 5  
1 7 6  
1 7 7  
178 




1 8 4  




1 8 9  
1 9 0  
1 9 1  
I 9 2  
1 9 3  
1 9 4  
1 9 5  
1 9 6  
197 
1 9 0  
199 
LOO 
2 0  1 
2 0 2  
203 
2 04 
2 0 5  
2 3 7  
256 
2 3 8  
2 0 9  
2 10 
2 1 1  
2 1 2  
2 1 3  
214 
2 15 
l e 3  










1 . IZ:427E+CZ . i 2 3 1 4 7 E t 3 2  
. 1 2 4 > 9 : t t 0 2  
. 1 2 3 a 6 7 ~ t o 2  
.12>3G7EtOZ 
. IZLCLdE+JZ . i2614EEtOZ 
.12746ECt52 
. 1 2 8 1 8 0 E t 0 2  
. 1 2 0 9 0 i E + 0 2  
. 1 3 0 3 4 9 E t 0 2  . IZ?62GF+OZ 
. 1 3 1 0 6 9 E t J 2  
.132509E+JL 
.13322YCtUZ 
- 1 3 3 9 4 9 E t 0 2  
- 1 3 4 5 6 5 C t 0 2  
.135370Et02 
-1301  lOE+O2 . 1J0!;30€ t O 2  
.1375>0EtOZ 
.138270EtOZ . i J 8 9 9 0 E + 0 2  . 13971  LEtU2 
- 1 4 0 4 3  1F + 3 2  
- 1 4 1  I ' > l E + O Z  
. I ~ : ~ s L E + o ~  
.141371E+02 
. l s J 3 1 1 E * 0 2  




. 14763LCt02 .146912C+02 
.14335LE+02 . 149073E+J2 
.1497C)3E+02 . 1 5 0 5 1 j E + 0 2  
. 1 5 1 2 3 I E t O 2  
.151953t ' t .J2 
.1>2673C+C2 
. I d 4  I I :#i * J2 . 1 5 3 3 i 4 C t O 2  




1 8 E 2 6 E t 0 2  
1 8 1 0 6 E t 0 2  
1954CE+02 
2 0 2 6 b E t 3 2  
2C9LLEt02 




























, . 2 5 1 0 5 9 E ~ 0 2  
-2497ZYk-02 
-245599E-02 
. 2 4 2 4 b S i - 0 2  






















- 1 B b 3 3 7 t - J Z  
. 1 1 3 2 4 1 4 1 - 0 2  






- . 20uV33E-02  
-.15689ZE-02 
-.6'*7>15t-03 
-. l O ? > b O E - O Z  
-. 1YU324k-03 -.34391+E-03 
- - 4 l l 7 b O E - 0 3  
-.22421f?E-03 
-. 7296Y5E-03 












- . 3 d 1 0 3 0 k - 5 3  
- .6525YjF-03 
-.9C3305€-03 
-.133173E-02 -. lb4914E-02 
-.189210E-02 
- . 2 3 2 3  17E-02 
-'-192745E-02 
- . 204053c -o2  
-.170696E-C2 











- - l b 1 9 0 3 E - 0 2  
-.17273ZE-OL 
-.1731dOE-O2 
-. 1 * * 5  J4  E - J Z  -.163301C-32 









-93 f l510F-33 
- .29US13t-03 
.1~211,ZE-03 
- - 7 0 6 7 1 1 L - J 3  -. 151030E-02 
- . l l b Y 5 5 E - 0 2  
- . I I705YE-OZ 











- 1 S 6 2 2 4 E - 0 3  
-r2l,57YOE-03 
- - 5 ' / > 5 G 9 C - 0 3  
- . C 3 7 > t i k - J 3  





. 6 1 1 7 3 0 ~ - ~ 3  
. e 4 4 5 7 1 ~ - ~ 4  
- 4 5 3 3 6 7 t - 0 3  




. 6 3 6 2 0 5 i - 0 3  
.649>32 i -C4 
-.2305?3E-03 -- S U E 3  7GE-03 
- .7b402d i -03  
- .853747t -J3  
- .757599€-53 
- .6bHoc3t-03 
- . 4 ~ 2 1 ~ 4 E - J 3  
-.177724E-03 
.35>722E-J3  
~ 8 7 0 5   7 S t - 0 4  
. B ~ ~ I Z ~ E - O ~  
. 5 7 0 l l t i f - 3 3  
I 
216 .154834E*02 -178490E-02  -.883011€- 3 
217   . 155554E*02  
-.119485E-02 .103343E-03 
2 18 
.176529E-02  -.37157CE-03 
. 1562?4€*02  
- .915521€-03  -739106E-03 
.114567E-02  -.860122€-03 
2 19 .156994E+02 
220 
.172605E-02  -.848675€-03 
.151715E+02 .110643E-02  -.8372276-03 
2 2 1  
-.262380E-03  -299437E-03 
.15U433E+02 
222  .159155E+OL 
l lbE661E-02 -.8257dOE-03 "198344E-03 -424930E-04 
.166720€-02  - .614332€-03  - .23099 €-03  - . 15 05€-03 
- . 6 4 4 5 5 1 ~ - 0 3  - 6 7 4 5 m - 0 3  
-.417256E-03 .52CjOaE-03 























2 3  
24 
2 6  
2 5  
2 1  
28  
2 9  
3r) 
32 
3 1  
3 3  
3 4  
3 6  
35 
37 
3 8  
39 
40 
4 1  
2: 
4 5  
44 
4 6  
4 7  
48  

























. 6 0 ~ j t J C C O E + 0 0  
.6330GCtFt00  















. l z o ~ o c s i t o 1  
. 1 1 7 0 0 C C E ~ 0 1  
.123UDC3EtOl 
. l Z Y O J C i t t C 1  .1260CCUE+01 
. 1 1 2 0 3 0 0 E t 0 1  . 135Sr7CCEtCl 
.13d00CCE+01 
.1440CCOE+C1 
. 1 * 1 0 0 C 3 t t C l  
. l i700CCE+CI  
.15300COE+@l . I ? J JO(~r rL+o l  . I > ~ . O i l ~ ~ . l t t C l  
. ~ n ~ c c c c c t n o  
.5066605€-02 
.3980277€-02 
--.217969dE-02 -. 1933396E-01 -. 5260515E-01 -. 1057752E+00 -. 1 9 0 4 0 9 2 E t 0 0  
- .2144191E+OJ -. 363 744 '1E+OJ 
-.5021J4>0C+OO 
- . 6 2 0 9 2 s 3 E t 0 0  
-.710'*761,ktOO 
-.0237593E+JO 
- . Q 0 5 5 3 3 5 E t 0 0  
-.BflZ0437Et00 
-.E'kI lL6UbE+00 -. 8C9R3CCE tJO 
- - 0 & 3 ( , 4 1 4 C + 0 0  
- .5377CL7Et00 
- . 2 b 4 7 1 3 1 i r O J  
- -2 ' lQj913E-01 
.27IHlU:C+OO 
.58CQ5li3Et00 
. 1 1 0 7 5 7 > E t 0 1  
.GQlR573Et00  
. IS51   768Et01  




. l t l 0 4 1 9 ~ E + O l  








-.1123CO'~E+OI -. 130lCO'lE+Ol 
- .1457559t tOL 
-.14135>CE+01 
-. l f ~ i L 4 4 3 E t 0 1  
- . 1 3 ~ ~ 4 1 0 7 E t 0 1  
- . l lYfISLbEtOl -. 1?359bLE+Ul  
-,775:H7bE+00 
- . 5 2 1 1 5 ' * 9 ~ t 0 0  
- . Z ~ > ) S ~ ~ ~ E + O O  
- . Z > ~ ~ I ~ D ~ + O O  







1 0  
59 
61  
6 2  
6 3  
64 
6 5  
bb 




7 1  
73 
12 




























WAX X I 1 1  
















































. zaeouco~+o1  
A T  TIME 





* * * * * * * * * * * * * * * *  
* CONVOLUTION NUMBER 3 














1 3  
1 4  
1 5  





2 1  
23 
2 2  
2 4  
2 5  
26 
2 7  
2 8  
29 
30  









4 1  
40 
4 2  
4 3  
4 4  
45  
4 6  
4.1 
FREPUENCY INTERPOLATE0  INPUT’FPEQUENCV 
F RF 
RESPONSE FUNCTION 






- ~ 1 1 0 6 0 6 E - 0 1  
-.621212E-02 




























. 2132COt -02  






.I 9 c z  3or -0 I 
- . 3 e 5 2 1 5 ~ - 3 2  
.964336E-33 
.41oLl i5E-02 
TRANSFORM OF THE GUST 


























- . z ~ I ~ o < J ~ + o ~  
-.241751C+03 






















TRANSFORM OF THE 
TIME CONVOLUTICN 
FRF TFYF 



























. 133496C-52  
-954551  03  






. G 8 5 5 b t E - J C  
. lbC19JE-03 
.2?2153 i -O3 
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G 4 t ~ s t r a c 1  
This document describes the usage of the convolution program L225 (TEV126). The 
program  calculates  the  time  responses of a linear  system  by  convoluting  the  impulsive 
response  functions  with  the  time-dependent  excitation  function.  The  convolution is 
performed as a multiplication in the frequency domain. Fast Fourier transform (FFT) 
techniques are used to transform the product back into the time domain to obtain 
response  time  histories.  A  brief  description of the  analysis  used  is  presented  in  volume  I 
of this document. Volume I1 contains a description of the design and structure of the 
program to aid those persons who will maintain and/or modify the program in the 
future. 
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